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Abstract
Success in elite endurance cycling requires a combination of physiological and
psychological attributes. However, compared to physiological processes, much less is known
about the psychological processes that govern performance at this level. Over eight chapters,
results from five investigations are presented that explore the psychology of elite endurance
cycling.
Following a detailed introduction to the thesis (Chapter 1), the first investigation
aimed to systematically review all empirical research on the psychology of elite cycling
(Chapter 2). Using established systematic review procedures (PRISMA) and an established
definition of eliteness, the systematic review found that only 14 studies have ever been
published on the psychology of elite cycling. Moreover, the review showed that this body of
research was governed by non-standardisation of measures, a lack of follow-up data, small
sample sizes, and overall poor research quality. Essentially, there was little in the published
literature to build upon meaning that it was necessary to conduct further research to help
identify the psychological processes important for elite cycling (Chapter 3). Event-focused
semi-structured interviews with 10 world-class endurance cyclists revealed 30 psychological
processes (grouped into eight categories) relevant to success in elite endurance cycling. In
particular, emotion and decision making were identified by cyclists as key to success in their
sport.
Based on findings from the qualitative investigation, it was decided to target the
remaining studies toward understanding decision making processes. After a further review of
relevant literature (Chapter 4), the first experiment (Chapter 5) tested whether manipulating
positive and negative emotion using motivational general-arousal imagery would affect elite
cyclists’ decision making performance under physiological duress. Physiological duress was
induced to mimic performance-relevant conditions and decision-making was measured using
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the colour-word-match Stroop. In a sample of 54 elite cyclists, the motivational-general
arousal imagery manipulation was successful in inducing the desired emotional state (positive
or negative) but this did not affect decision making performance under physiological duress.
Therefore, the decision was made to switch focus from emotion manipulation to implicit
belief manipulation (Chapter 6).
The second experiment (Chapter 6) tested whether manipulating implicit beliefs about
decision making ability would affect elite cyclists’ decision making performance, and the
potential moderating role of glucose ingestion. In total, 76 elite-level cyclists were assigned to
one of four conditions: an induced limited or non-limited implicit belief about decision
making ability, and ingestion or non-ingestion of a glucose supplement. The same outcome
measure and induced physiological duress used in the previous experiment were adopted here.
Results showed that when glucose was not ingested, a limited belief was associated with a
decrease in decision making performance, whereas a non-limited belief was associated with
an increase in decision making performance. When glucose was ingested, decision making
performance increased regardless of implicit beliefs.
Because glucose ingestion tends to overpower implicit beliefs (Chapter 6) it was
decided to explore the role of glucose in more detail in the final experiment (Chapter 7). This
experiment was a double-blind randomized placebo-controlled trial that tested the effect of
glucose ingestion on decision making performance. As with the previous two experiments,
this experiment used the same outcome measure and induced physiological duress. In total, 88
elite cyclists were assigned to one of three conditions: water, glucose or placebo. Results
showed that the manipulation of placebo as a glucose supplement was successful. For main
findings, increases in decision making performance were observed in placebo and glucose
conditions, but a decrease in decision making performance was observed in the water
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condition. Moreover, the experiment showed that 97.2% of the benefits of glucose (over
water) could be attributed to a placebo effect.
Chapter 8 provides a detailed reflection on the program of research. Overall, the five
studies presented in this thesis provide important new information on the processes governing
decision making performance in elite cyclists. Strengths include adequate statistical power to
detect medium effects in all experiments, randomisation, multiple manipulation checks in all
experiments, the elite nature of the samples, adoption of a single dependent variable within
experiments (no opportunity for p-hacking), and high ecological validity of the setting (testing
under physiological duress). Limitations include the unavailability of a validated cyclingspecific decision making task. The findings of this thesis are likely to be of interest to coaches
and sport psychologists working with elite-level performers.
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CHAPTER 1: Selected Review of Literature
1.1 Introduction
Sport performance, especially at the elite level, is valued for social, economic and
political reasons. Therefore, any attempt to establish a more comprehensive understanding of
performance excellence should be welcomed. Professional cycling is a long-duration sport
and elite cyclists often comment that psychological factors play a vital role in determining
success at the highest level of competition. Sport psychologists are often called upon to
develop psychological skills training programmes that can help athletes develop an optimal
psychological state for performance excellence. Therefore, when designing interventions,
sport psychologists need to be aware of the various processes that can influence these
important psychological states. Accordingly, the aim of this chapter is to discuss the
psychology of cycling and elite endurance sport, and set up a programme of research into the
psychology of elite cycling. This chapter begins with an outline of elite sport and professional
cycling, before moving on to discuss the various determinants of cycling performance and in
particular the psychological factors that might be involved in cycling performance. Finally,
considering the issues emerging from the review, aims of the research program are identified
and discussed.
1.2 Elite Sport
The term ‘elite sport’ has been used in various guises over the years. For instance, the
term has sometimes been used to describe the better athletes in an amateur sample, or to
describe athletes whose primary source of income comes from sport. Because of this
inconsistency, researchers have begun to use more objective criteria to classify elite sport
performers. A recent meta-analysis explored whether testing protocols (including submaximal tests) could be used to separate performance groups in high-level cycling (De Pauw
et al., 2013). Performance level recommendations were suggested according to physiological
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factors (such as V02max and Peak Power Output) and cycling status (such as training
frequency, weekly training distances, and cycling experience). The meta-analysis found that it
was difficult to classify elite cyclists based purely on physiological data due to the difficulty
within experimental protocols to adequately account for pre-experimental physiological load
factors such as intensity training and phases of training (De Pauw et al., 2013).
An alternative approach to classifying elite athletes was proposed in a recent review
on the definition of ‘elite athlete’ (Swann, Moran, & Piggott, 2015). To improve transparency
and consistency in definitions, a classification system was proposed based on the athletes’
highest standard of performance, their success at that level, and the amount of experienced
gained at the highest level of performance. It was proposed that if comparison of expertise
across sports is standardised then it is vital that the competitiveness of the sport is assessed.
Furthermore, the competitive nature (i.e., popularity/professionalism) of the sport both
internationally and within the country of the participant is also important to consider. An
equation and classification system was proposed to categorise the ‘eliteness’ of the athletic
sample. Four distinct levels of eliteness were proposed: semi-elite (talent-development
program involvement), competitive elite (regularly competing at highest level), successful
elite (infrequent success at highest level) and world-class elite (sustained success at highest
level). This classification system has several strengths over other classifications as it
combines physical characteristics, expertise at the athletes’ highest level, and competitiveness
both within the athletes’ country and globally.
From an applied perspective, research at the elite level of competition represents an
important domain where a large amount can be learnt about the psychological factors that
govern success (Swann, Keegan, Piggott, & Crust, 2012). Indeed, researchers have outlined
that findings from elite athletes can often be transferred to sub-elite and recreational level
athletes, but transferring findings from sub-elite to elite level athletes can be problematic
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(Ericsson, 2014; Swann et al., 2015). There is increasing evidence that elite athletes differ
from non-elite athletes on a range of cognitive, perceptual and physiological characteristics
(Calmeiro, Tenenbaum, & Eccles, 2014; Chapman, Vicenino, Blanch, & Hodges, 2008). For
example, compared to non-elite samples, elite athletes show consistency in performance
across a wider range of environmental conditions (Fitts & Posner, 1973), and unlike elite
athletes the skill levels of novice athletes in practice conditions are not predictive of
performance under competitive pressure (Milton, Solodkin, Hlustik, & Small, 2007).
Therefore, when designing a programme of research it is important to select an appropriate
sample for which the research is designed to benefit.
1.3 Professional Cycling
Endurance cycling is a highly demanding sport involving extreme physical and mental
exertion that comprises a complex interplay between individuals and teams over varying
terrain and intensities (Taylor & Kress, 2006). Professional endurance cycling competitions
range from one to six hours over one or multiple days consisting of a mass start or individual
or team time trials (Atkinson, Davison, Jeukendrup, & Passfield, 2003). Cyclists must endure
extremely high workloads for extended periods of time (often three weeks) during Grand
Tour races such as the Giro d’Italia, Tour de France, and the Vuelta a Espana (Faria, Parker,
& Faria, 2005a). In order to compete at the highest level, cyclists must have the physical and
mental capabilities to withstand the rigors of intense training and competition (Renfree, West,
Corbett, Rhoden, & St Clair Gibson, 2012). It has been suggested that to compete at a worldclass level in endurance cycling, the cyclist needs to possess the physical endurance of a
marathon runner, the strength of a mountaineer, and the decision making and cognitive
abilities of a Formula 1 driver (Beedie, 2012).
Elite level endurance cycling includes a range of disciplines including road cycling,
track cycling, bicycle motocross (BMX) racing, cyclocross, and mountain biking. Road
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cycling incorporates single-day and multi-day competitions, time trials and multi-athlete pack
events where courses range from point-to-point races of varying distances to multiple circuits
of a set distance over varied terrains and road surfaces (Taylor & Kress, 2006). Track cycling
is contested on a velodrome on fixed gear bicycles (Craig & Norton, 2001) and BMX racing
consists of an off-road single lap competition on a purpose built dirt race course containing
various jump and rollers. Mountain biking is an off-road discipline of cycling that is contested
on technically demanding terrain, using bicycles capable of withstanding these terrains
(Passfield et al., 2012) and cyclocross is an amalgamation of road cycling and mountain
biking, that is ridden on modified road bicycles and was traditionally used as winter training
for road cycling before emerging as its own discipline of endurance cycling (Passfield et al.,
2012).
Competitive elite endurance cycle racing is a complex and often chaotic endeavour
placing significant psychological demands on the cyclist (Beedie, 2012). Competitors must
cope with the extreme physiological and psychological rigors of training and competing
(O’Connor, 1992), and road endurance cycling in particular places unique demands on the
athlete (Taylor, & Kress, 2006). Competitive endurance road races take place in an open
arena, such as city streets and country roads, where competitors must negotiate various road
furniture (e.g., roundabouts and traffic islands) in groups of riders in excess of 150 (Coleman,
2012). Professional endurance cyclists compete up to 90 days per year, amassing up to 35,000
km per year. In addition to training and competing, cyclists must endure many more days of
travelling to compete in different locations across the world. The competitive season is one of
the longest in professional sport and runs from early January until late November (Union
Cycliste Internationale, 2018). As such, the weather conditions that the cyclists must endure
range from the extreme heat of Australia and Abu Dhabi to the extreme cold (including wind,
rain and snow) in Belgium, The Netherlands and Northern France. Road surfaces encountered
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range from cobblestones to smooth asphalt and add to the diverse conditions confronting elite
endurance cyclists.
1.4 Determinants of Professional Cycling
There has been a strong scientific focus on the physiological and biomechanical
underpinnings of elite endurance cycling (Jeunkendrup, Craig, & Hawley, 2000; Pinot &
Grappe, 2011). Previous reviews on the physiological requirements of elite endurance cycling
have found that competitive cycling has unique metabolic and physiological demands (Faria,
Parker, Faria, 2005a; Faria, Parker, & Faria, 2005b). Important physiological markers include
maximal lactate steady state (the highest exercise intensity at which blood lactate
concentration remains stable), power output at lactate threshold, peak power output at aerobic
threshold (a power to weight ratio of ≥ 5.5 W/kg of body mass), peak power output during a
maximal cycling test (PPO max), and the percentage of Type I fibres in the vastus lateralis
(Faria et al., 2005a). Several biomechanical factors have also been found to affect endurance
cycling performance including aerodynamic resistance, body position configuration and gear
ratio, and pedalling cadence and efficiency (Faria et al., 2005b).
At an elite level, endurance cycling is a highly demanding sport that involves intense
and prolonged physical exertion where athletes must cope with considerable pain and risk of
injury, and featuring an often-complex interplay between individual aspirations and team
goals in a wide range of terrain and weather conditions (Jeunkendrup, Craig, & Hawley,
2000). Attempts at predicting elite endurance performance based solely on physiological and
biomechanical variables have been relatively unsuccessful (Noakes, 2000) and researchers
have noted that sport scientists have yet to pinpoint the cause of most within-person variation
in performance (Lazarus, 2000). Indeed, a meta-analysis of deliberate practice and sporting
expertise found that deliberate practice accounted for 19% of the variance in performance at
the sub-elite level and only 1% of the variance in performance at the elite level (Macnamara,
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Moreau, & Hambrick, 2016). This indicates that other factors (such as the psychological
states of competitors) might have a role in governing performance particularly at the elite
level.
1.5 The Psychology of Cycling
In elite endurance sport, psychological attributes drive the physiological capabilities of
the athlete (Salem, Marcora, Hopker, 2018). This is highlighted in a quote from multiple
Grand Tour stage winner and Irish professional cyclist Dan Martin who stated that “everyone
at this level can produce the [physical] power to compete, the real difference is in the
mind…It is a constant battle in your own head to keep going, it isn’t just your legs and lungs”
(reported in Fotheringham, 2014). The mental demands of elite endurance cycling have also
been highlighted by American Ben King, winner of a stage of the Vuelta a Espana 2018 who
said “I set a goal of winning a stage in a grand tour at the start of the year, professional
cycling is a rollercoaster and you have to stay mentally strong. Today I did that and I won”
(Rogers, 2018). These quotations indicate that psychological factors might be key to success
at the highest level of competitive cycling.
Elite road cycling is an endurance based sport and the psychological determinants of
endurance activities in general might be transferrable to cycling. A recent meta-analysis on
the psychological determinants of whole-body endurance activity attempted to identify the
psychological factors that affect endurance performance (McCormick, Meijen, & Marcora,
2015). Peer-reviewed studies were included that used an experimental or quasi-experimental
design, included a psychological manipulation, and had endurance performance as the
dependent variable. Twenty-five studies were identified that measured the effect of 46
psychological manipulations on endurance performance. Overall, findings showed mixed
evidence for the manipulation of associative/dissociative attention strategies and the use of
imagery, but there was evidence that goal setting improved endurance performance in two of
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two studies, that pre-performance interventions (involving instructional or motivational
statements) improved middle-distance running performance in four studies, that psychological
skills training in general improved endurance performance in five studies, and that four of
five studies supported the use of self-talk interventions (McCormick et al., 2015). One
potential limitation of the meta-analysis is that differences between sports were not explored,
possibly due to an insufficient number of studies for particular sports.
Three narrative (non-systematic) reviews have attempted to synthesise research on the
psychology of cycling. The first suggested that the determinants of competitive cycling
performance can be categorised into three main domains – planning, training, and racing
(Beedie, 2012). The review highlighted 15 psychological factors to consider within these
domains including goal setting, resilience, pre-performance anxiety, and the development of a
high-performance mind-set as key to producing optimal performances. The review did
however acknowledge the important differences between amateur and professional cycling
and conceded that the review might be less relevant to elite level cyclists (Beedie, 2012). A
second review considered cycling across performance levels and identified 43 psychological
attributes potentially important for success, including concentration, self-confidence, fear of
failure, fear of injury, conflict and anger management, stress, disordered eating behaviour,
motivation, pain management, resilience, relationships and group dynamics (Emmerman,
2012). Psychological skills such as imagery, mindfulness, and positive self-talk were
suggested as possible interventions that might benefit cycling performance. A third review
discussed the psychological attributes important for cycling and provided information to
inform sport psychology practitioners (Taylor & Kress, 2006). The review identified four
areas that are most relevant to endurance cycling: the intensity of exercise, pain management,
fear (including: physical harm, injury, failure, psychological impact of fear, physical impact
of fear, and mastering the fear response), and recovery from exercise load. The review
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conceded that a lack of research meant that the majority of recommendations for endurance
cycling professionals are generalised from psychological research in other endurance sports
(Taylor & Kress, 2006). As such, these narrative reviews are useful for considering general
principles of working with athletes but they should not be relied upon to draw conclusions
about the psychological attributes needed to compete at the highest level of endurance
cycling.
1.6 Current Program of Research
This thesis reports findings from a program of research into the psychological
processes of elite endurance cyclists. By investigating the psychological processes governing
performance in elite cycling, the research aims to better understand the psychological factors
that determine success at the highest level. In turn, by investigating how different
psychological processes may affect performance, the research aims to provide information
that might (in some way) help coaches and performance staff understand the role of
psychological factors in elite cycling, that might ultimately improve coaching practices and
the performances of the cyclists. Given these considerations, this research program had the
following aims:
a) To review the current body of research on the psychology of elite cycling and
identify gaps in knowledge as well as potential research strengths.
b) To identify the major psychological processes governing performance of elite
endurance cyclists.
c) To conduct experimental research to investigate the psychological factors that can
influence the performance or behaviour of elite endurance cyclists.

In order to address the first aim, the initial study of this thesis sought to systematically review
the full body of literature on the psychology of elite cycling in order to identify (and build
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upon) important past work and locate potential gaps in knowledge that might form a basis for
the remaining studies. The ensuing chapter presents the published work (excluding abstract
and reference list) as it appears in the Journal of Sports Sciences (Spindler, Allen, Vella, &
Swann, 2018).
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CHAPTER 2: The Psychology of Elite Cycling: A Systematic Review
2.1 Introduction
Elite endurance sport requires athletes to perform at their psychological peak when
placed under severe physiological load. Research has shown that elite level cyclists need to
possess specific physiological attributes to compete at the highest level (Lucia, Hoyos, &
Chicharro, 2001). Professional cycling competitions range from one to six hours and multiday races are characterised by several back-to-back days of racing that consists of mass-start
and team and individual timed trials (Atkinson, Davison, Jeukendrup, & Passfield, 2003).
Cyclists must be able to endure a high work-load for extended periods of time (often 3 weeks)
during major tour races such as the Tour de France, Vuelta a Espana, and the Giro d’ Italia
(Faria, Parker, & Faria, 2005a). Therefore, in order to compete at the highest level, cyclists
must be able to withstand the psychological and physiological rigours of training (Renfree,
West, Corbett, Rhoden, & St Clair Gibson, 2012). There has been a strong scientific focus on
the physiological underpinnings of elite endurance cycling (see Lamberts, 2014; Pinot &
Grappe 2013). However, the psychological underpinnings of cycling performance have
received considerably less attention. This is evidenced in a recent special issue of the Journal
of Sports Sciences (Passfield, 2017) that included 20 articles on the science of cycling but
with almost no coverage of psychological processes. The objective of this systematic review
was to synthesise research findings on the psychology of elite cycling.
From an applied perspective, the elite level of competition represents a domain where
a great deal can be learnt about the psychological processes most important for success
(Swann, Keegan, Piggott, & Crust, 2012). Indeed, research findings from elite athletes can
often be transferred to sub-elite and recreational-level athletes, but it can be problematic to
transfer findings from recreational- and sub-elite athletes to those competing at the elite level
of competition (Swann, Moran, & Piggott, 2015). Moreover, there is emerging evidence that
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elite athletes differ from non-elite athletes (and non-athletes) on a variety of cognitive,
perceptual and strategic aspects of behaviour (Calmeiro, Tenenbaum, & Eccles, 2014; Rice et
al., 2016). Indeed, compared to non-elite athletes, elite athletes tend to have more substantive
knowledgebase of sport specific information and are more adept at utilising this knowledge to
identify, remember and manipulate relevant information in their specialist environment
(Swann et al., 2015). Therefore, it is important to consider research on elite populations
independently from those on recreational- and sub-elite populations.
Previous reviews of elite endurance cycling have found that competitive cycling
requires substantial metabolic and physiological demands (Faria et al., 2005a, Faria, Parker,
& Faria, 2005b; Lucía et al., 2001). Important physiological markers found to predict cycling
performance include: power output at the lactate threshold, peak power output (a
power/weight ratio of ≥ 5.5 watts per kilogram, W/kg), the percentage of type I fibres in the
vastus lateralis, maximal lactate steady-state (the highest exercise intensity at which blood
lactate concentration remains stable) and peak power output during a maximal cycling test
(Faria et al., 2005a). Biomechanical factors affecting cycling performance include
aerodynamic resistance, body position configuration adjustments, and gear ratio and pedalling
cadence (Faria et al., 2005b). Despite these important findings, the psychological component
of elite cycling has not been systematically reviewed. This is surprising given the generally
accepted notion that psychological factors are important for success at the highest level of
competition.
Professional cycling includes a range of disciplines including road racing, track
cycling, mountain biking, BMX racing and cyclocross. Road cycling encompasses single day
and multi-day races where the courses range from multiple circuits of a set distance, point to
point races consisting of varying distances over varied terrains and road surfaces, timed trials
to multi-athlete pack events (Atkinson, Davison, Jeukendrup, & Passfield, 2003). Track
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cycling is performed in a velodrome on fixed wheel bicycles (Craig & Norton, 2001).
Mountain biking consists of off-road cycling, often over technically demanding terrain, using
bicycles capable of withstanding these demands (Passfield, Walker, & Barrett, 2012). BMX
racing is an off-road single-lap sprint race on a purpose-built dirt race course made of various
jumps and rollers. Cyclocross is an amalgamation of road cycling and mountain biking ridden
on modified road bicycles and was traditionally used as winter training for road cycling
before emerging as its own discipline of cycling (Passfield et al., 2012).
Endurance cycling is a complex and often tumultuous event that places distinctive
demands on cyclists (Passfield et al., 2012). Previous narrative reviews have summarised
some of psychological factors that might be important for cyclists across varying
competitions and standards (Beedie, 2012; Emmerman, 2012; Taylor & Kress, 2006). These
narratives consider that, amongst other factors, anxiety, confidence, pain tolerance, coping
with injury, fear of failure, motivation, relationship issues, stress, team dynamics, disordered
eating behaviour, and even sexual impulsivity are potentially important for performance in
cycling (see Emmerman, 2012; Taylor & Kress, 2006). Moreover, these researchers have
recommended that psychological skills training, and goal setting in particular, might be a
useful approach to managing psychological states in cycling (Beedie, 2012; Emmerman,
2012). However, the evidence base regarding the efficacy of these techniques in elite cyclists
is unclear and researchers have not attempted to synthesise findings on the psychological
processes important for performance in elite cyclists independent of sub-elite cyclists.
Even though the psychology of elite cycling has not been explored systematically, the
psychological processes governing performance in other sports has been reviewed. A
systematic review of the psychological determinants of whole-body endurance performance
found that psychological interventions were useful for improving performance across sports
(McCormick, Meijen, & Marcora, 2015). Moreover, the review found that psychological
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skills training in particular (e.g., imagery, self-talk and goal setting) could benefit athletic
performance. In another systematic review of elite athletes across sports, it was found that
elite athletes experience a comparable risk of mental disorders (e.g., anxiety, depression)
relative to the general population (Rice et al., 2016). Evidence regarding other mental health
domains (i.e., eating disorders, substance use, stress and coping) was less consistent.
Importantly, a meta-analysis of deliberate practice and sporting expertise found that deliberate
practice accounted for 1% of the variance in performance at the elite level, compared to 19%
at the sub-elite level (Macnamara, Moreau, & Hambrick, 2016). This suggests that factors
other than practice (e.g., psychological factors) might have a greater role in governing
performance at the elite level.
The purpose of this review was to synthesise the current state of knowledge on the
psychological underpinnings of elite level cycling. Elite athletes are defined as representing
four performance levels (Swann et al., 2015): semi-elite (those in talent-identification
programs or competing at the second tier standard), competitive-elite (those who regularly
compete at the highest level but have not had success at this level), successful-elite (those who
compete at the highest level and have experienced infrequent success at this level), and worldclass elite (those who have had sustained success at the highest level). Understanding the
psychological factors governing elite level cycling has potential implications for assisting
athletes in the attainment of high performance standards. Moreover, a review of this sort
might be valuable to sport practitioners and coaches working with elite cyclists in terms of
assisting in the development of practical recommendations for training and competition. It
might also assist researchers in identifying new avenues of research and opportunities for
theory development.
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2.2 Method
Reporting of this systematic review has followed the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) statement (Moher, Liberati, Tetzlaff,
Altman, & The PRISMA Group, 2009). The PRISMA checklist is reported in Chapter 2
Supplementary File S1.
2.2.1 Search Strategy
The search terms were developed by four researchers with expertise in sport and
exercise psychology (one of whom was a high-level cycling consultant). The search terms
were selected to encompass a wide range of potential psychological research to ensure that no
relevant articles were missed. The search terms employed were: Cycling [OR cyclist*] AND
elite [OR competitive OR “world class” or olympi* OR “high performance” OR expert OR
national OR international] AND psychology [OR “sport psychology”]. The search was
conducted in March 2017 on nine electronic databases: SPORTDiscus; Academic Search
Complete; PsycINFO; Psychology & Behavioral Sciences Collection; PsycArticles; Medline
full text; ProQuest; Scopus; and Pubmed. The lead researcher conducted the search and an
example of the full search strategy is reported in Chapter 2 Supplementary File S2. For
databases where it was possible the results were limited to: English language; peer reviewed;
and, journal articles. Endnote X7 reference management software (Thompson Reuters,
California) was used to remove duplicates. The lead researcher screened the titles, keywords
and abstracts of each study for eligibility (see Chapter 2 Supplementary File S3 for details on
search engine hits). If a study appeared to meet eligibility criteria (see below) or if the
relevance of the study was uncertain then full texts were obtained. Full texts of identified
studies were then assessed for eligibility by a single researcher. Where inclusion was
uncertain, three researchers discussed study relevance and a final decision was made.
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References lists of all identified studies were searched for further relevant articles. A
manual search of publications for authors who had published in the area (as identified in the
review) was also performed to identify further relevant articles. Titles of all articles published
in International Journal of Sport & Exercise Psychology; Athletic Insight; Journal of Sports
Sciences; Journal of Applied Sport Psychology; Journal of Sport (& Exercise) Psychology;
Journal of Sport Psychology in Action; Psychology of Sport and Exercise; and Sport, Exercise
& Performance Psychology were also screened for potentially relevant articles. Last, Google
Scholar was used to identify all articles that had cited included studies. No additional studies
were identified from the manual search.
2.2.2 Eligibility Criteria
Studies were deemed eligible for inclusion if the following criteria were met: (1) the
study was published in an English language peer reviewed journal, (2) the study was
empirical in nature, (3) the study included a measure of at least one psychological (cognitive,
affective) component (either as an independent or dependant variable), perceptions of
physiological processes (e.g., perceptions of physiological duress or physiological symptoms
of psychological states) were excluded, (4) a clearly defined portion of the sample was
required to be at least semi-elite according to the definition of elite athletes proposed for sport
psychology research (Swann et al., 2015). (5) the sample was required to have a mean age
above 16 years, based on recommendations that athletes below this age should not be defined
as elite (Swann et al., 2015).
In categorising study samples within the four classifications of elite athletes we used
the algorithm provided by Swann et al. (2015). Eliteness can be computed using the following
formula: [(A + B + C / 2)/3] x [(D + E)/2], where A is the athlete’s highest standard of
performance, B is success at the athlete’s highest level, C is experience at the athlete’s highest
level, D is competitiveness of sport in athlete’s country, and E is global competitiveness of
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sport. Each of these components is scored from one (e.g., “success at regional, university,
semi-professional, or 3rd/4th tier”) to four (e.g., “sustained success in major international,
globally recognized competition”). Samples are coded as semi elite (a score of 1-4),
competitive elite (a score of 4-8), successful elite (a score of 8-12) or world-class elite (a
score of 12-16).
2.2.3 Data Extraction and Risk of Bias
Data extraction was performed by two researchers. First, the lead researcher read all
identified studies in full to become familiar with the methods and main findings. Information
extracted included date of publication, title, study design, sample size, age and gender of
participants, outcome measures, main findings, statistical analyses (where relevant), and
information used to assess risk of bias. Study quality (risk of bias) was assessed using two
established scales (see Chapter 2 Supplementary File S4). Qualitative studies were coded for
risk of bias using the Standards for Reporting Qualitative Research recommendations (SRQR;
O’Brien, Harris, Beckman, Reed, & Cook, 2014). This scale has 21 items and is flexible
enough to accommodate various paradigms, approaches and methods. Each study was given a
score from 0 to 21 and was coded as being of low (score of 0-7), medium (score of 8-14), or
high quality (score of 14-21). Quantitative studies were assessed using the Newcastle-Ottawa
scale (Wells et al., 2009). The scale was developed for non-randomised studies and includes
eight items measuring aspects of study quality. Each study was given a score from 0 to 9 and
was coded as having high risk of bias in the results (score of 0-5; low quality studies) or low
risk of bias in the results (score of 6-9; high quality studies).
2.2.4 Data Analysis
Following data extraction, common themes for outcome measures were developed. A
psychological measure was considered a theme if it appeared in more than a single study
(Rhodes, Mark, & Temmel, 2012). Statistical significance of associations (presented within
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each study) was used to determine study conclusions, and where statistical significance was
unavailable a minimum medium effect size (e.g., d > 0.30) was used to determine study
conclusions (Cohen, 1988). If consistent findings appeared in four or more studies this was
deemed strong evidence for an effect. If consistent findings appeared in two of two, or two of
three studies, then this was considered suggestive of an effect. Given the extreme
heterogeneity in study designs and outcomes assessed, it was not possible to use quantitative
methods (i.e., meta-analysis) to synthesize research findings.
2.3 Results
The full search results are presented in Figure 2.1. A total of 2170 articles were
identified from the primary search of databases. Following removal of 701 duplicates, the
remaining 1469 studies were screened with 129 articles identified for full-text screening. Of
these, 115 articles were excluded (see Figure 2.1) resulting in a total of 14 articles eligible for
inclusion.

Figure 2.1. Flow diagram of the screening process
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2.3.1 Overview of Research
In total, the 14 studies included 427 participants comprising 348 (81.5%) men, 70
(16.4%) women, and 9 participants (2.1%) where sex was not specified. Two studies (21.4%)
used a qualitative (semi-structured interview) design, and the remaining 11 studies (78.6%)
used a quantitative design (experimental n = 3, cross-sectional n = 3, longitudinal n = 5). All
three qualitative studies (21.4%) were coded as low quality (high risk of bias in the results).
For the quantitative studies, six studies (42.8%) were coded as having a high risk of bias, and
six studies (42.8%) were coded as having a low risk of bias. Nine of the studies (64.3%)
specified road cyclists in the sample, one study (7.1%) specified time trialists, one study
(7.1%) specified mountain bikers, and four studies (28.6%) did not specify elite cycling
speciality.
Three studies (21.4%) were classified as having a semi-elite sample, four studies
(28.6%) were classified as having a competitive elite sample, five studies (35.7%) were
classified as having a successful elite sample, and two studies (14.3%) were classified as
having a world-class elite sample. Themes extracted were: (1) mood, (2) anxiety, (3) selfconfidence, (4) cognitive function, and (5) pain. Table 2.1 outlines the characteristics of
included studies
2.3.2 Mood
Five studies explored athlete mood states (Dunn & Dishman, 2005; Filaire, Legrand,
Lac, & Perquignot, 2004; Gat & McWhirter, 1998; Hagberg, Mullin, Bahrke, & Limburg,
1979; Viana et al., 2016). All five studies used a longitudinal or experimental design and all
used the profile of mood states (POMS; McNair, Lorr, & Droppleman, 1981) as an outcome
variable.
The POMS assesses six dimensions of mood: tension, depression, anger, vigour,
fatigue and confusion. The five studies had three main objectives: (i) to explore the
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relationship between mood and performance markers (Dunn & Dishman, 2005; Viana et al.,
2016), (ii) to compare mood profiles of elite and non-elite athletes (Gat & McWhirter, 1998;
Hagberg et al., 1979), and (iii) to explore how mood changed throughout a competitive season
(Filaire et al., 2004).
The two studies exploring the relationship between mood and performance markers
suggest that mood is not associated with athletic performance. In a sample for 40
‘competitive-elite’ athletes (men and women), self-reported mood was unrelated to objective
race performance scores (Dunn & Dishman, 2005). In a sample of 19 In particular, the
athletes showed higher than average levels of vigour, and lower than average levels of
tension, depression, anger, and confusion (Hagberg et al., 1979). The one study that explored
change in mood over time was the only mood study coded as having a low risk of bias in the
results (Filaire et al., 2004). In this study of 12 ‘successful-elite’ male athletes, there was a
decrease in overall negative mood over a four-day training camp, and also a decrease in
overall negative mood over eight months of training.
Taken together, there are two low quality studies that suggest mood is not associated
with performance, two low quality studies that indicate elite athletes have a more positive
mood state than normative scores, and one high quality study indicating that mood can
improve in elite athletes after participating in a training camp.
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Table 2.1
Characteristics of included studies
Study

N

Study design

Gender

Age

(% male)

Elite

Outcome measures

Main findings

classification

Range

Risk
of bias

M
(SD)

Baghurst

5

(2012)

Qualitative

Both

Semi-structured

(80%)

20-24

21.8

Semi-elite

(1.8)

interviews

Anxiety

Social support, imagery and goal setting were perceived as important for performance.

Pain

The interpretation of anxiety and pain as being debilitative or facilitative were also

Social support

perceived as important for performance.

High

Imagery
Goal setting
De Cuyper et

55

al. (2016)

Quantitative

Male

-

-

Cross-sectional

Successful

Leadership

The more a captain was perceived as leading by example the more teammates reported

elite

Team

social labouring. This association was mediated by team identification.

Low

identification
Social labouring
Dunn &

40

Dishman

Quantitative

Both

Prospective

(40%)

-

-

Competitive

Anxiety

Anxiety was negatively related to self-confidence. For men, high anxiety and low

elite

Self-confidence

confidence were related to poorer performance. For women, low self-confidence was

Mood

related to better performance. Anxiety was unrelated to performance for women. Mood

(2005)

High

was unrelated to performance for both men and women.
Filaire et al.
(2004)

12

Quantitative
Longitudinal

Male

-

19.5

Successful

(4.5)

elite

Mood

After a 4-day intense training camp there was a decrease in overall negative mood. There

Low

was also a decrease in negative mood over 8 months of training.
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Filho et al.

67

(2015)
Gat &

Quantitative

Male

-

Longitudinal
68

McWhirter

Quantitative

Both

Cross-sectional

(71%)

Quantitative

Male

18-46

21.9

Successful

(1.6)

elite

26.1

Semi-elite

(1.5)

Stress

Levels of stress increased from before to after a 10-day tour.

Low

Mood

Competitive cyclists significantly higher on general confidence than non-athletes.

High

Self-confidence

Competitive cyclists showed a more positive mood profile than non-athletes.

(1998)
Hagburg et al.

9

(1979)

Kress &

20-33

Prospective

9

Sattler (2007)

Qualitative

Male

27-50

Semi-structured

25.1

World class

Mood

Competitive cyclists showed a more positive mood profile than normative scores. Cyclists

(1.6)

elite

Personality

had lower levels of extraversion than normative scores (no difference on neuroticism).

37.8

Competitive

Pain

Elite cyclists attend to pain rather than ignore it. Goals-setting, imagery and self-talk are

(6.9)

elite

25.3

Semi-elite

High

High

routinely used in competition to manage pain.

interviews
Lindsay et al.

3

(2005)

Quantitative

Both

Single subject

(66%)

21-32

(5.9)

Flow

One participant showed an increase in flow states from baseline to treatment. The

Hypnosis

effectiveness of the hypnosis intervention on flow and performance was inconclusive.

High

Multiple baseline
Martin et al.

20

(2016)

Quantitative

Male

17-31

Randomized

23.4

World class

Cognition

Professional cyclists performed better on Stroop task than recreational cyclists. Compared

(6.4)

elite

(inhibitory control)

to recreational cyclists, professional cyclists were more resistant to mental fatigue.

counterbalanced

McCann et al.

53

(1992)
Petit et al.
(2013)
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Mental fatigue

Quantitative

Both

Cross-sectional

(74%)

Quantitative

Male

Longitudinal

Low

-

-

-

Successful

Anxiety

Anxiety had a negative correlation, and self-confidence and positive correlation, with

elite

Self-confidence

cycling (time-trial) performance.

17.3

Competitive

Cognition

Cyclists’ attentional performance depended on time of day of exercise. Cyclists

(1.6)

elite

(attentional

performed better on all measures of reaction time later in the day.

Low

High

performance)

21

Spindler et al.

54

(2017)

Quantitative

Both

RCT

(81%)

18-42

32.2

Successful

Cognition

Elite cyclists manipulated to view decision making ability as a limited resource showed a

(6.5)

elite

(decision making)

decrease in decision making performance, whereas those manipulated to view decision

Low

making ability as a non-limited resource showed an increase in decision making
performance.
Viana et al.
(2016)
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Quantitative
Longitudinal

Male

-

32.2

Competitive

(6.5)

elite

Mood

Overall, mood did not have a discernible impact on perceived exertion during

High

performance. Negative mood increased from pre- to post-race (fatigue increased, vigour
decreased).

Note: RCT, randomized controlled trial
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2.3.3 Anxiety
Three studies investigated anxiety in elite cycling (Baghurst, 2012; Dunn & Dishman,
2014; McCann, Murphy, & Raedeke, 1992). Two of the studies used a longitudinal research
design in which performance was a main outcome variable (Dunn & Dishman, 2014; McCann
et al., 1992) and the other was an exploratory qualitative study in which anxiety emerged as a
key theme (Baghurst, 2012). The longitudinal studies used the State Trait Anxiety Inventory
(STAI) (Spielberger, 1983) to measure anxiety.
The two studies that explored the contribution of anxiety to sport performance
reported somewhat conflicting results. In a sample of 40 ‘competitive-elite’ elite cyclists (16
women, 24 men) participating the Tour de France and Tour de France Feminin (Women’s
Tour de France) pre-race anxiety was negatively related to objective race performance scores
among men, but was unrelated to objective race performance scores among women (Dunn &
Dishman, 2005). In another study of 53 ‘successful-elite’ cyclists (38 men, 15 women), preperformance anxiety in a time-trial was negatively related to performance times with a
medium-large effect size (McCann et al., 1992). Gender moderations were not explored in
this study. In the qualitative study, thematic analysis of semi-structured interviews with five
‘semi-elite’ cyclists found that all cyclists experienced pre-race anxiety, and that sometimes
anxiety was perceived as helpful and at other times unhelpful to performance (Baghurst,
2012). The cyclists in this study also reported that end-of-race anxiety is common.
Two of the studies were coded as having a high risk of bias (Baghurst, 2012; Dunn &
Dishman, 2005) and both of the quantitative studies were underpowered. Nevertheless, there
was tentative cross-study evidence that pre-performance anxiety has a negative association
with performance in male cyclists.
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2.3.4 Self-Confidence
Three studies assessed self-confidence in elite endurance cyclists (Dunn & Dishman,
2005; Gat & McWhirter, 1998; McCann et al., 1992). All three studies used a quantitative
research design. Two prospective studies explored the relationship between self-confidence
and performance (Dunn & Dishman, 2005; McCann et al., 1992) and one cross-sectional
study compared elite cyclists’ confidence levels to normative scores (Gat & McWhirter,
1998). One study (Dunn & Dishman, 2005) measured confidence using the Sport Confidence
Questionnaire (Vealey, 1986), one study (Gat & McWhirter, 1998) measured confidence
using the confidence scale of the Personality Adjective Checklist (Strack, 1987), and one
study (McCann et al., 1992) measured confidence using the Competitive State Anxiety
Inventory-2 (Martens et al., 1990).
The two studies that assessed the relationship between self-confidence and
performance were the same two studies that assessed the relationship between anxiety and
performance (Dunn & Dishman, 2005; McCann et al., 1992), and again there was some
consistency but also differences in main findings. In the study on ‘successful-elite’ athletes,
pre-race self-confidence was found to relate to performance time with a medium effect size
(McCann et al., 1992). In the study of ‘competitive-elite’ athletes a gender moderation effect
was again observed in which high levels of confidence were associated with better
performance for men, but low levels of confidence were associated with better performances
for women (Dunn & Dishman, 2005). In a cross-sectional study of ‘semi-elite’ athletes,
scores on the confidence sub-scale of the personality adjective checklist (Strack, 1987) were
found to be higher than normative scores (Gat & McWhirter, 1998).
Two of the studies were coded as having a high risk of bias and all three studies were
underpowered (Cohen, 1988). Similar to findings for anxiety, it is difficult to amalgamate
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findings, but there is some tentative cross-study evidence that high levels of confidence
predict better race performance among male cyclists.
2.3.5 Cognitive Function
Three studies assessed elite cyclists’ cognitive function (Martin et al., 2016; Petit,
Bourdin, Mougin, Tio, & Haffen, 2013; Spindler et al., 2017). The three studies assessed
different components of cognitive function and it is not possible to amalgamate findings in a
meaningful way. One study used the incongruent condition of the Stroop colour-word task as
a measure of inhibitory response (Martin et al., 2016), another used both the congruent and
incongruent condition of the Stroop colour-word task as a proxy measure of decision making
ability (Spindler et al., 2017), and the other assessed attentional performance using a battery
of cognitive tests (Petit et al., 2013).
In an experimental study of 11 ‘world-class’ endurance cyclists, the athletes
performed better on the Stroop task (indicative of stronger inhibitory control) than nine
recreational cyclists (Martin et al., 2016). In another experimental study, 54 ‘successful-elite’
cyclists were manipulated to endorse either a limited or non-limited implicit belief about
decision making ability and their decision making performance was assessed before and after
the manipulation when under physiological duress (Spindler et al., 2017). The study showed
that cyclists’ manipulated to view decision making ability as a limited resource decreased
their decision making performance whereas those manipulated to view decision making
ability as a non-limited resource increased their decision making performance. The third study
of 13 ‘competitive-elite’ cyclists explored attentional performance at various times of the day
(Petit et al., 2013). It was found that cyclists performed better on all measures of attentional
performance (phasic alertness, flexibility, Go/No-go, visual scanning) later in the day.
The two studies using the Stroop colour word task were coded as having a low risk of
bias, whereas the study on attentional performance was coded as having a high risk of bias.
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Even though findings cannot be amalgamated they do appear complimentary. Indeed, elite
cyclists appear to have become cognitive delayed as they become (mentally) fatigued (Martin
et al., 2016), but how fatigue affects change in decision making performance also depends on
beliefs regarding the depleting nature of cognitive ability (Spindler et al., 2017).
2.3.6 Pain Perception
Two studies investigated the experience of pain (Baghurst, 2012; Kress & Sattler,
2007). Both studies used a qualitative research design and conducted semi-structured
interviews to assess the nature of pain and the cognitive strategies used to cope with
performance related pain.
The two studies that explored pain perception and performance reported some
consistent findings. A sample of five (4 male, 1 female) ‘semi-elite’ cyclists, described their
experience of ‘good pain’ (that occurs in more successful situations) and ‘bad pain’ (that
occurs in more unsuccessful situations), and further outlined that bad pain is strongly
connected to fatigue (Baghurst, 2012). The athletes further reported using dissociative
strategies (such as ‘blocking it’) as a response to bad pain but reported that associative
strategies are better for good pain, as cyclists can ‘thrive off’ good pain. In another sample of
nine ‘competitive-elite’ athletes’ pain was reported as being infrequent and unpleasant (Kress
& Sattler, 2007). These athletes also reported that the experience of pain differed relative to
success (‘when things are not going great, it sure hurts a lot more’). The athletes reported
using cognitive strategies such as viewing pain as short term (‘it will end soon’) when
experiencing pain in training and competition. Mental preparation and mental skills were
identified as important for pain management (e.g., goals, imagery, and positive self-talk).
Associative strategies (maintaining focus) were also identified in this study as important
during times of pain. Pain also had some positive outcomes: success was perceived as more
satisfying if the athlete had to overcome pain.
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Both studies were coded as having a high risk of bias in the results. Nevertheless, the
results suggest that pain management is an integral part of cycling at the elite level, and that
elite cyclists need mental strategies and mental preparation to assist in the management of
pain. In particular, attending to pain rather that disassociating oneself from pain is a common
response among athletes and considered the best strategy for success.
2.3.7 Additional Findings
Several other psychological constructs appeared in less than two studies and therefore
were not coded into themes. These studies assessed mental strategies during competition
(Baghurst, 2012), stress (Filho et al., 2015), personality (Hagburg et al., 1979), hypnosis and
flow (Lindsay, Maynard, & Thomas, 2005), leadership and social labouring (De Cuyper,
Boen, Van Beirendonk, Vanbeselaere, & Fransen, 2016), and mental fatigue (Martin et al.,
2016).
Three studies were coded as having high risk of bias (Baghurst, 2012; Hamburg et al.,
1979; Lindsay et al, 2005). In one qualitative study, five ‘semi-elite’ cyclists reported that
goal setting, imagery and social support were all important factors for success (Baghurst,
2012). In another study of nine ‘world-class elite’ cyclists’ personality, the cyclists were
found to have lower levels of extraversion (and no differences on neuroticism) compared to
normative scores (Hagburg, Mullin, Bahrke, & Limburg, 1979). In a single-subject multiplebaseline design study of three ‘semi-elite’ cyclists, there was inconclusive evidence (two of
three participants showed no increase) as to the effectiveness of using hypnosis as a method
of increasing the intensity of flow (Lindsay, Maynard, & Thomas, 2005).
Three other studies were coded as having low risk of bias in the results (Filho et al.,
2015; De Cuyper et al., 2016; Martin et al. 2016). In a study of 67 ‘successful-elite’ cyclists,
levels of stress were found to increase from before to after a 10-day tour race (Filho et al.,
2015). Another study explored how resistance to mental fatigue differed between elite cyclists

27

and recreational cyclists (Martin et al., 2016). Eleven ‘world-class elite’ cyclists displayed
greater resistance to the negative effects of mental fatigue than the recreational cyclists. The
final study investigated the association between a team captain’s leadership qualities and
social labouring (opposite of social loafing) of team members in 55 ‘successful-elite’ cyclists
(De Cuyper, Boen, Van Beirendonk, Vanbeselaere, & Fransen, 2016). The study found that
when leaders displayed a transformational leadership style there was more social labouring
among team members. In addition, the association was mediated by team identification, such
that transformational leadership related to social labouring through the variance shared with
team identification.
2.4 Discussion
The aim of this systematic review was to synthesise the current state of knowledge on
the psychology of elite cycling. The review identified 14 psychological studies on elite
cyclists. Eight studies were coded as having high risk of bias and six were coded as having
low risk of bias. Based on our criteria regarding the required evidence necessary to establish
strong support for an association (four studies with consistent findings), there was no strong
support for any association relating to a psychological process in elite level cycling. In terms
of tentative support, in which the evidence base was suggestive of an association, there was
some cross-study evidence that elite cyclists have more positive mood states (relative to
normative scores), that pre-race anxiety impairs performance (among male cyclists), and that
associative strategies are perceived as helpful for pain management. Among better quality
single studies, there was evidence that implicit beliefs affect decision making performance,
that elite cyclists are less susceptible to mental fatigue, and that transformational leadership
relates to greater levels of social labouring.

28

2.4.1 Main Findings
The finding that mood is unimportant for performance markers in two (low quality)
studies of elite cyclists is generally consistent with meta-analyses that show mood to be a
weak predictor of athletic performance more broadly across sports and performance levels
(Beedie, Terry, & Lane, 2000; Rowley, Landers, Kyllo, & Etnier, 1995). That elite cyclists
were found to have more positive mood profiles than non-athletes (in two low quality studies)
is perhaps unsurprising given that a more active lifestyle is generally associated with a more
positive mood (Arent, Landers, & Etnier, 2000; Berger & Motl, 2000). Elite athletes engage
in high levels of physical activity that might be somewhat protective against negative mood.
Nevertheless, elite athletes in other sports have been found to experience mental health
problems (e.g., anxiety, depression) that are comparable in severity to population norms (Rice
et al., 2016) and therefore we would recommend research further explore elite cyclists
affective states as they relate to sub-elite and normative scores. In addition, only one study
explored change in mood over time, but the study was coded as high quality and indicated
that participation in training camps can be a positive experience for elite athletes with
significant improvements in positive mood.
There were few studies available exploring the role of anxiety in elite cyclists, but two
studies provided evidence that pre-race anxiety had a negative association with performance
in male cyclists. In the study coded as having a low risk of bias in the results, a gender
moderation effect was observed in which pre-race anxiety had no association with objective
competitive performance among women. This gender moderation effect might be explained
by the study being underpowered (women n = 16), but contemporary theories of anxiety and
performance predict that whereas anxiety will be detrimental to performance in most
instances, anxiety can also foster increased effort resulting in better performances when
additional resources are available (Eysenck, Derakshan, Santos, & Calvo, 2007).
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Interestingly, a meta-analysis of 48 studies in sport also reported (across sports and
performance levels) the same gender moderation effect (men, r = –.22; women, r = –.03;
Woodman & Hardy, 2003). The qualitative study provided useful information that elite
cyclists experience both pre-race and within-race anxiety, and in particular that anxiety tends
to increase as cyclists approach the end of a competitive race.
Self-confidence had also been explored in three studies with two of those having
explored the role of confidence in objective race performance. Self-efficacy theory (Bandura,
1997) predicts that higher levels of confidence should foster better performances and this is
generally what was observed in male cyclists. However, the one study that separated men and
women found that high levels of confidence were associated with worse race performance
among women. As before, this finding might be explained by the small sample size and
corresponding low statistical power of the study. However, it is also true that over-confidence
can undermine effort (Bandura, 1997) and the relationship between confidence and
performance might be better described as curvilinear. A meta-analysis of self-confidence and
performance also found gender differences, although the association was not found to be
negative among women (men, r = .29; women, r = .04; Woodman & Hardy, 2003). Further
research is clearly warranted to explore potential gender moderations and their underlying
causes.
The two qualitative studies on elite athletes’ experience of pain showed that whereas
pain is infrequent in elite sport, athletes consider the management of pain a critical factor in
achieving success. In both studies, the athletes identified associative strategies as
advantageous in managing pain. The preference for using associative strategies might reflect a
high pain tolerance. Indeed, vigorous physical activity has been proposed to alter pain
perception and tolerance (Tesarz, Gerhardt, Schommer, Treedle, & Eich, 2013) and athletes
have been found to have a higher pain tolerance than non-athletes (Thornton, Sheffield, &
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Baird, 2017; Tesarz et al., 2012). Previous research in other endurance sports has produced
mixed findings on whether associative or disassociate strategies are more successful for
performance outcomes (McCormick et al., 2015) and, as far as we are aware, research has not
directly explored whether encouraging certain strategies for pain management leads to better
outcomes across any performance level in sport. Research is needed to test whether elite
athletes’ perceptions of effective pain management skills do in fact have some efficacy in
managing pain and improving performance.
The research on cognitive functioning of elite cyclists employed different aims and
objectives meaning that findings could not be synthesised. However, interesting findings did
emerge for the two studies that explored cyclists’ performance on the colour word Stroop
task. That elite cyclists outperformed non-elite cyclists on cognitive tests (Martin et al. 2016)
is perhaps unsurprising given that elite cyclists are likely to engage in more physical activity,
and physical activity is known to boost cognitive function (Prakash, Voss, Erickson, &
Kramer, 2015). Importantly, other research has demonstrated that it is possible to improve
decision making performance (on the Stroop task), when elite cyclists are fatigued, through a
simple manipulation informing cyclists that decision making ability is trainable and can be
improved (Spindler et al., 2017). That elite cyclists’ cognitive performance can be improved
is a valuable progression in the research as cognitive functioning (e.g., decision making,
reaction time) is known to contribute to success in elite sport (Cona et al., 2015; Vestberg,
Gustafson, Maurex, Ingvar, & Petrovic, 2012).
There were also some notable findings in the body of research that were not coded
into themes. In one high quality study, elite cyclists were found to have higher resistance to
mental fatigue than non-elite cyclists (Martin et al., 2016). There are different ways to
interpret this finding. Resistance to mental fatigue is embedded within psychological
constructs such as resilience and mental toughness (see e.g., Jones, 2002). It might be that
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cyclists who possess these psychological attributes are simply more likely to progress to the
elite-level. Alternatively, participating in elite level sport might help to develop psychological
attributes that facilitate greater resistance to mental fatigue. In other research, leadership style
was identified as important for the behaviour of elite cyclists (de Cuyper et al., 2016). When
transformational leadership is high, cyclists tend to identify highly with their team and exert
very high levels of effort (social labouring). Experimental studies are required to extend these
interesting preliminary findings.
2.4.2 Moving Forward
There are some notable limitations in the body of research that has explored
psychological processes in elite-level cycling. Previous systematic reviews on the processes
contributing to success in elite cycling (Faria et al., 2005a, 2005b; Lucía et al., 2001) were
able to identify multiple studies assessing the same outcome variable (e.g., V̇O2max). However,
in no instances were we able to identify more than two studies addressing the same research
question. This means that strong support for an association or process could not be established
for any theme. Moreover, the overall quality of the research in this field was poor (eight of 14
studies were coded as having high risk of bias in the results). The risk of bias Table (see
Chapter 2 Supplementary File S4) shows that qualitative studies did not meet minimum
standards for report writing and quantitative studies often negated to report sample
characteristics or control for confounding factors in analyses.
Much of the research can also be considered somewhat dated in terms of the measures
used and theories tested. For instance, all five studies exploring mood in elite cyclists has
used the profile of mood states (McNair et al., 1981). However, the questionnaire has received
considerable criticism in terms of whether items are assessing mood (subjective feeling) or a
combination of emotion, cognition and physiological states (Byrne & Byrne, 1993; Watson &
Clark, 1997). In particular, the subscale of ‘confusion’ might be capturing a cognitive state
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(i.e., what might cyclists be confused about?) and the subscales of ‘fatigue’ and ‘vigour’ are
likely to be capturing physiological states (example item: “energetic”) that have little to do
with mood. The positive and negative affect scale (Watson & Clark, 1997) provides a greater
focus on positive mood and might be more suitable for testing current models of mood and
performance such as the broaden and build theory (Fredrickson & Branigan, 2005) and
motivational dimensional model of affect (Gable & Harmon-Jones, 2010). Tests of these
models in elite cyclists would be a useful approach to progressing research in this area.
Another limitation of the body of research is the heavy focus on male cyclists
(compared to female cyclists) and because of this it is unclear whether the gender moderation
effects observed for anxiety and confidence represent a real effect or are simply a
manifestation of low statistical power. Current theories of both anxiety (Eysenck et al., 2007;
Masters & Maxwell, 2008) and confidence (Bandura, 1997) provide no clear theoretical
rationale for the gender moderation effects observed in elite cyclists, and these models have
not been tested in elite samples. Attentional control theory (Eysenck et al., 2007) provides
clear testable predictions and also offers an explanation for when anxiety can benefit and
when it can worsen athletic performance. This model has been tested in amateur sport
performers (Wilson, Wood, & Vine, 2009) and a useful progression in research would be to
test theoretical predictions in an elite cycling sample.
Pain perception has been an under-researched topic of inquiry in sport psychology in
general and this might reflect elite sport being the context most meaningful in which to
investigate this important process. The two qualitative studies identified in this review show
that pain management is an important issue and that cyclists employ a number of techniques
in which to manage pain both in training and competition (e.g., imagery, self-talk).
Psychological skills training, that incorporates techniques such as imagery and self-talk, has
been identified as a useful approach to developing endurance performance (Thelwell &
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Greenlees, 2003; Thelwell, Greenlees, & Weston, 2006) and researchers should explore
whether developing these psychological techniques for pain management can assist elite
endurance cyclists in training and competition. The research on cognitive performance in elite
cyclists has started to test key predictions of current psychological models of individual
differences in judgment and decision making (Dweck, Chiu, & Heung, 1995). Further
exploration of cyclists’ cognition and long-term effects of cognitive training on performance
outcomes would be a useful approach to research progression.
2.5 Conclusion
This review sought to synthesise the body of literature on the psychology of elite
cycling. There was no strong evidence for any association due to insufficient studies.
However, there was some tentative cross-study evidence that elite cyclists have more positive
mood profiles (relative to normative scores), that pre-race anxiety impairs performance and
pre-race confidence facilitates performance, and that associative strategies are perceived as
helpful for pain management. Among better quality single studies, there was evidence that
implicit beliefs affect decision making performance, that elite cyclists are less susceptible to
mental fatigue, and that leadership qualities relate to greater social labouring. The field would
benefit from more high-powered, experimental research that directly tests the predictions of
contemporary models of anxiety, affect, decision making, and pain management. The longterm outcomes of experimental research are also important to explore. Further research into
the psychological factors governing success in elite cycling has potential implications for
assisting coaches and support staff of elite cyclists. Current theoretical models of emotion,
cognition, affect and behaviour have not been tested to a sufficient standard in elite cyclists in
order to provide any useful practical recommendations (from the current body of evidence) at
this stage. Elite athletes differ from non-elite athletes in key ways and more research in this
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area is required if we (as sport psychologists) are to assist coaches in developing optimal
performance in elite cyclists.
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Reflections on Chapter 2 and Foreword to Chapter 3
The initial phase of the research has been successfully completed with the aim of
synthesising the research on the psychology of elite cycling, identifying gaps in knowledge as
well as research strengths in an attempt to amalgamate the current state of knowledge on the
psychology of elite endurance cycling. A main finding from Chapter 2 was a lack of research
in general and a scarcity of high-quality research into the psychological determinants of
performance in elite endurance cycling. This lack of evidence in the published literature
means that there is little to build upon and a need to conduct further primary research to help
identify the psychological processes important for performance at the elite level of endurance
cycling.
Results from Chapter 2 showed that two qualitative studies were available and
identified several psychological processes important for cycling (Baghurst, 2012; Kress &
Sattler, 2007). However, both studies had a high risk of bias in the results due to major
methodological issues such as data processing, data analysis, and techniques that ensure
trustworthiness of results (see Chapter 2 and Supplementary File S2). In addition, while one
study interviewed Olympic athletes regarding their coping strategies for pain management,
the investigation was done retrospectively (one participant had been retired for 12 years prior
to interviews) and had a narrow focus (coping with pain)(Kress & Sattler, 2007).
Retrospective qualitative interviews have inherent limitations regarding memory and recall
(Swann, Keegan, Crust, & Piggott, 2016). To date, no empirical research has investigated the
‘within-competition’ psychological demands necessary to produce successful performance at
the highest level of endurance cycling.
Considering the lack of high-quality psychological research in cycling, it is paramount
to use strong methodological underpinnings to investigate the psychological processes
required to compete at the highest level. As such, the use of a semi-structured event-based
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qualitative methodology can help to identify the psychological determinants important for
performance in world-class endurance cyclists. Chapter 3 uses semi-structured event-focused
interviews to investigate world-class cyclists’ perceptions of the psychological processes
required to produce excellent performances. By investigating these processes in a world-class
sample this chapter aims to provide a foundation for further empirical research on the
psychological underpinnings of performance in elite endurance cycling. What follows is the
most recent version of a manuscript (excluding abstract and reference list) currently under
review for publication at the Journal of Applied Sport Psychology.
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CHAPTER 3: Exploring the Psychological Processes Underlying Excellent Performance
in World-class Endurance Road Cyclists
3.1 Introduction
Endurance cycling is a complex and often chaotic sport that places unique demands on
cyclists (Passfield et al., 2012). Endurance road cycling competitions range from one to six
hours in duration and are characterised by several back-to-back days of racing that
incorporate a mass start, as well as team and individual time trials (Atkinson, Davison,
Jeukendrup, & Passfield, 2003). Professional cyclists endure a high workload for extended
periods of time (up to three weeks) during major races such as the Tour de France, Vuelta a
Espana, and the Giro d’ Italia (Faria, Parker, & Faria, 2005a). In order to compete at the
highest level, cyclists must be able to withstand the substantial psychological and
physiological rigours of training and competition. To date, there has been a strong scientific
focus on the physiological and biomechanical factors that underpin performance in elite
endurance cycling. For example, power output at the lactate threshold, the percentage of type
I fibres in the vastus lateralis, and maximal lactate steady-state (the highest exercise intensity
at which blood lactate concentration remains stable) are all useful predictors of cycling
performance (Faria et al., 2005a). Biomechanical factors affecting cycling performance
include aerodynamic resistance, body position configuration adjustments, and gear ratio and
pedalling cadence (Faria et al., 2005b). Despite the major advances that constitute the body of
evidence on elite cycling performance, the psychological factors governing performance at
the highest level are still poorly understood (Spindler, Allen, Vella, & Swann, 2018). This
qualitative study sought to explore the psychological factors important for performance at the
highest level as reported by world-class endurance cyclists.
World class performance represents the highest level of sporting competition and as
such a great deal can be learnt about the psychology of human performance from athletes
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participating at such standards (Swann, Moran, & Piggott, 2015). For example, there is
growing evidence that elite athletes differ from sub-elite athletes on a range of cognitive,
emotional and behavioural factors (Calmeiro, Tenenbaum, & Eccles, 2014; Rice et al., 2016).
In particular, compared to sub-elite athletes, elite athletes tend to possess a more fundamental
understanding of sport-relevant information and are more proficient at utilising this
knowledge to identify, recall and implement relevant information in their area of expertise
(Lorenz, Reiman, Lehecka, & Naylor, 2013; Olmedilla et al., 2018). Furthermore, findings
from elite athletes translates to sub-elite and recreational level athletes, but findings from
recreational and sub-elite athletes often do not translate as well to athletes competing at the
highest level (Swann, Keegan, Piggott, & Crust, 2012).
A number of narrative reviews have considered the psychological factors important
for performance in endurance cycling across all standards of the sport (Beedie, 2012;
Emmerman, 2012; Taylor & Kress, 2006). In one review, the psychological processes listed
as important for cycling were self-awareness (of physiological processes), pain perception,
fear, recovery and overtraining, and team roles (Taylor & Kress, 2006). In another review, 41
psychological factors were identified as potentially important within endurance cycling
including anxiety, coping with injury, eating disorders, fear of failure, fear of injury, mental
toughness, pain management, retirement issues, stress, and trust issues with coaches
(Emmerman, 2012). Moreover, psychological skills training (such as goal-setting) has been
proposed as a useful strategy for performance in cycling (Beedie, 2012; Brick, MacIntyre, &
Campbell, 2016; Emmerman, 2012). These narrative reviews provide a useful starting point
for understanding the psychology of elite cycling. However, the factors described often stem
from research findings from multiple sports and at various levels of competition (i.e., rather
than through empirical studies with elite cyclists). In order to understand the psychology of
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excellent performance in elite cycling it is important that research is conducted exclusively
within this population.
Moving beyond narrative reviews, a recent systematic review synthesised findings
from 14 studies on the psychology of elite cycling (Spindler et al., 2018). The review
included all studies that had used cycling populations that could be coded as semi-elite,
competitive-elite, successful-elite or world-class elite (see Swann et al., 2015) and included
two qualitative studies that had explored psychological processes of elite cyclists. The first
investigated how former Olympic cyclists used cognitive strategies for coping with the
exertion of pain (Kress & Sattler, 2007). The study found that cognitive strategies such as
viewing pain as short-term and mental preparation were important for pain management. The
second qualitative study aimed to identify the psychological components of elite cycling
(Baghurst, 2012). The study identified positivity, imagery and goal setting, motivational
techniques, communication, mind games, anxiety, social support, concentration and pain
management as important in elite cycling. Both qualitative studies were coded as being of
poor quality according to recommended standards for reporting qualitative research (O’Brien,
Harris, Beckman, Reed, & Cook, 2014) on the basis that sample size, data collection and
processing methods, trustworthiness, and links to empirical data were not sufficiently reported
(see Spindler et al., 2018 for further review). Consequently, further qualitative research is
needed to help understand the psychological factors important for performance in elite
endurance cycling.
It is important to note the work to date on elite endurance cycling has predominantly
examined general performance and not explicitly targeted excellent performance (Spindler et
al., 2018). This targeting of excellent performance is in line with the principles of positive
psychology (Seligman & Csikszentmihalyi, 2000). Specifically, by examining the
psychological attributes required to produce excellent performance we are studying what is
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needed and therefore, attempt to understand how to replicate the phenomena. A recent
systematic review highlighted a significant gap in knowledge and research into the
psychology of endurance cycling (Spindler et al., 2018). Furthermore, within the systematic
review it was noted research was scarce into the psychological determinants of producing
excellent performance. It must be noted that this line of enquiry has been addressed more
generally in several narrative reviews (see Beedie, 2012; Emmerman, 2012; Taylor & Kress,
2006). However, these narrative reviews do not address the nuanced psychological attributes
required to produce excellent performance in world-class endurance cycling (Spindler et al.,
2018).
The qualitative studies conducted to date (Baghurst, 2012; Kress & Sattler, 2007)
employed interviews that were conducted in a ‘career-based manner’. This approach focuses
on participants’ general perceptions about a topic, or experience of a phenomenon, based on
reflections throughout their career or over an extended period of time (Swann et al., 2016,
2017). That is, Kress and Sattler (2007) examined pain management, and Baghurst (2012)
explored psychological components that are generally relevant in elite cycling (e.g., social
support), through one-off interviews about perceptions in general rather than a specific event.
Alternatively, event-focused interviews are conducted as soon as possible after the event (i.e.,
within hours or days), in order to maximise the detail and accuracy of participants’ recall, as
well as enabling exploration of chronological sequences and processes involved in key events
(see Swann et al., 2016). This approach has been used in previous studies exploring
psychological states underlying excellent performance (Jackman, Crust, & Swann, 2017;
Swann et al., 2016, 2017). An event-focused approach could therefore reveal in greater detail
the psychological factors involved in producing excellent performances at the elite level of
endurance cycling.
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This qualitative study aimed to conduct event-focused interviews as soon as possible
after specific, excellent performances in order to examine the psychological factors involved
in excellent performance in world-class endurance cycling. By doing so, this study seeks to
build on qualitative studies of psychology in elite cycling (Baghurst, 2012; Kress & Sattler,
2007) and address the recommendations of a recent systematic review on the psychology of
elite cycling (Spindler et al., 2018). In turn, the findings from this investigation may be of
interest to sport psychology researchers, practitioners, and coaches working with elite
endurance cyclists in terms of providing greater awareness of the various psychological
factors that can potentially contribute to excellent performances in major international events.
3.2 Method
3.2.1 Approach
Similar to previous research employing an event-focused approach to examine
excellent performance (e.g., Swann et al., 2016, 2017), this study adopted a critical realist
ontology (see Wiltshire, 2018). Critical realism emphasises the search for causal explanation,
by understanding the contexts and mechanisms (Maxwell, 2004, 2012). Indeed, data are
usefully seen as not simply "texts" to be interpreted, or as the “constructions” of participants
(although they are this), but as evidence for real phenomena and processes (including mental
phenomena and processes) that are not available for direct observation (Maxwell, 2012,
p.103).
This study examined excellent performances and assumed that such performances
could be explained in terms of mechanisms and contextual influences. By interviewing
participants soon after an excellent performance, we sought to understand the psychological
factors underlying or involved in such performances at a world class level in endurance road
cycling.
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3.2.2 Participants
The participants in this sample were ten male professional endurance cyclists (Mage =
29.9) who had all participated full-time on the Union Cycliste Internationale (UCI) World
Tour for at least three seasons (range = 3–11 seasons). Three participants were from South
Africa, two were from Australia, and one participant each was from Belgium, Austria, United
States, Great Britain, and Norway. Each cyclist had at least one career victory at the World
Tour level (range = 1–63 victories). The sample included one Olympic champion and four
World champions, two Olympic and three World Championship medallists in several
disciplines of endurance cycling including the road race, individual time trial, and team time
trial. All participants had been ranked inside the top 50 UCI road cycling world rankings. As
such, this sample were considered to be world-class elite (Swann et al., 2015).
3.2.3 Procedure
The study was approved by a university research ethics committee prior to data
collection. Purposeful sampling (Patton, 2002) was used to recruit world-class cyclists. Male
athletes were sampled based on ease of access. Participants were accessed prior to data
collection through professional contacts of the lead author. The researchers sought to
interview world class cyclists who had experienced an exceptional performance and were
willing to be interviewed after an objective (e.g., podium finish) or self-reported excellent
performance (e.g., a rider’s role may be to support a team leader in gaining the best possible
result for the team and may subjectively perceive an excellent performance in fulfilling that
role). The participants were contacted via email and provided a participant information sheet
outlining the aims of the study and were invited to take part in an interview focusing on the
psychological factors involved in excellent performance in a specific world class endurance
cycling event. After agreeing to participate, interviews were organised and conducted at
training camps organised by the cyclists’ team. All cyclists provided written informed
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consent. Data were collected until saturation point was perceived via inductive thematic
saturation (Saunders et al., 2018). That is, saturation point was deemed to be reached once the
emergence of new codes ceased to emerge from the data. Interviews were conducted face-toface and digitally recorded, and brief notes were also taken during the interview. Interviews
took place on average 10 days after the specific performance of interest (M = 9.60, SD = 2.37,
range 5-12 days). The interviews lasted 51 minutes on average (SD = 19.1) and were
transcribed verbatim.
3.2.4 Development of Interview Guide
A semi-structured, event-focused approach was used to explore the psychological
factors involved in excellent performance. In adopting an open-ended approach, it is possible
to investigate deeper issues of relevance by exploring themes of interest that may be outside
the original structure (Brinkman & Kvale, 2005; Smith & Sparkes, 2005). Semi-structured
interviews are suited to the exploration of perceptions and experiences of respondents and
enables probing for more information and clarification of answers (Louise Barriball, & While,
1994). Therefore, consistent questions were used in all interviews, but additional themes and
topics were also allowed to emerge. Moreover, individualised probes were developed for each
participant based on performance data from the event they were discussing in the interview.
3.2.4.1 Performance data. To develop individualised probes in each interview,
participants were asked (and agreed) to provide physiological data from the performance,
including GPS data, power analysis, heart rate, cadence and speed. These data were collected
from the cyclists’ bicycle and collated through a head unit located on the handlebars. These
data were then analysed prior to the interview through a portable personal computer and the
Training Peaks WKO4+ analysis tool (Training Peaks, Boulder, CO, USA). The performance
data were analysed to identify peaks and troughs in power, altitude, speed, cadence and heart
rate profiles throughout the event. Peaks within the data are quantified examples of increased

44

physiological load and is indicative of increased workload. Troughs within the data are
periods of low workload and low power output (Coggin, 2001). The peaks and troughs were
used to stimulate athlete recall of specific events or sections of the performance that might be
of interest by probing specific sections of the performance (e.g., to examine psychological
factors involved during that specific period). The use of physiological data enriched the
interview by providing visual cues for specific sections of the performance being investigated
to stimulate more precise and detailed recall.
3.2.4.2 Interview guide. A semi-structured interview guide was developed based on
previous qualitative studies on the psychology of elite cycling (Baghurst, 2012), questions
emerging from a recent systematic review on the psychology of elite cycling (Spindler et al.,
2018), and studies that have employed event-focused interviews (Jackman, Crust, & Swann,
2017; Swann et al., 2016, 2017). The participants were first asked to describe the performance
with as much detail as possible, from start to finish. This included discussing the performance
data (describing the cognitions and sensations that corresponded to the peaks and troughs
within the data). The interviewer then asked more specific questions such as: (a) “What were
you focusing on or paying attention to?”; (b) “What decisions were you making in this
specific timeframe, and how/why did you make those decisions?”; and (c) “What factors
caused or helped you perform at that level during these sections?” Consistent probes were
used to encourage participants to explain the psychological factors involved in excellent
performance in a world class cycling event, such as “can you tell me a bit more about that?”
3.2.4.3 Pilot study. The interview procedure was piloted on two male elite endurance
cyclists (who were not subsequently included as participants in the study proper). The pilot
interviews averaged 52 minutes in duration. One participant was competing at a third tier
“Continental” cycling team and had previously been an Oceania champion in the Individual
Time Trial, and the other was competing at a second tier “Professional Continental” cycling
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team and was a national champion in the road racing discipline. The pilot study led to minor
changes in the interview guide and led to the use or more specific probing questions relating
to the areas of interest that emerged.
3.2.5 Analysis
Data analysis was guided by a team of four researchers with the aim to critically
evaluate the data and the lead author’s interpretations. This process followed guidelines set
out in previous qualitative research (Swann et al., 2016). The lead author, who conducted the
interviews, developed a detailed understanding of the data through a process of ‘in-dwelling’
through familiarisation with the transcripts (Maykut & Morehouse, 2002). An iterative
approach to data analysis was adopted. Inductive thematic analysis was conducted using a sixstep procedure (Braun & Clarke, 2006). First, the researchers familiarised themselves with the
data by reading and re-reading the transcripts and noting down ideas. Second, initial codes
(e.g., experience informing choices) were identified before these codes were inductively
sorted and combined into higher-order themes (e.g., decision making based on experience).
Third, the process was followed by sorting the themes into substantive categories, which
represented the distinct psychological demands of competing in world class endurance
cycling (e.g., decision making). Fourth, themes were reviewed and checked to see if the
themes worked in relation to steps one and two of the analysis. Fifth, these themes were
refined by generating clear definitions and names for each theme. Sixth, selected extracts
from the interviews, relating back to the research question, were analysed and inserted into
the manuscript (Braun & Clarke, 2006). Once these six stages were completed all cyclists
were given randomly chosen pseudonyms to which they are referred below.
3.2.6 Enhancing Trustworthiness
The term trustworthiness describes strategies used to improve the quality and rigour of
qualitative research (Sparkes & Smith, 2014). This research adopted various steps to enhance
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trustworthiness through a realist approach (Smith & McGannon, 2017). The aim of this study
was to collect recent data from world class cyclists as soon as possible after a perceived or
objective excellent performance. By conducting interviews on average 10 days after such
performances, we sought to minimise potential limitations pertaining to recall and memory.
As such, the approach employed in this study sought to obtain more trustworthy data than
might have been obtained by using career-based interviews. Throughout the study peer
debriefing was conducted between the lead researcher and two additional researchers (i.e., the
co-authors). The additional researchers provided critical appraisal of the data, processes
employed, and challenged the lead researcher’s assumptions (Creswell & Miller, 2000). This
process took place via both formal and informal meetings. The participants were also asked as
“critical friends” to elaborate on and provide critical feedback about the accuracy of their
transcript, and the appropriateness/coherence of the initial results (e.g., how well the themes
and categories related to their own experience; Smith & Caddick, 2012). Due to the world
class nature of this sample, with athletes who travelled frequently across various time zones,
the transcripts and initial findings were discussed via email and electronic video calls. No
modifications to the results or analysis came from this procedure.
3.3 Results
Thematic analysis revealed eight categories that represent psychological factors involved in
excellent performance in world-class endurance road cycling. The eight categories were: (i)
effective communication; (ii) decision making; (iii) use of psychological skills/self-regulation
strategies; (iv) management of stress, anxiety and mood; (v) automatic and controlled
functioning; (vi) pain management; (vii) group processes; and, (viii) confidence/efficacy.
Table 1 provides example codes for each of the higher-order themes, and over-arching
categories. Each category is discussed below in terms of its higher order themes (in italics),
including direct quotes from the raw data to illustrate.
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3.3.1 Effective Communication
All ten athletes reported that effective communication to be a key factor involved in
excellent performance. The use of radio communication between team members is unique to
world class endurance road cycling as it is only at the highest level of the sport that this
technology is allowed by the governing body (Union Cycliste Internationale, 2018). The most
common theme was auditory cues to control performance:
Every team manager is screaming at their riders to get to the front…when you
hear the sport director yelling “go”, you don’t need another invitation...it
doesn’t matter if it is your sports director or a team mate in your ear. You go
first and worry about the consequences later. (Gary)
Some cyclists reported the use of auditory cues to prompt concentration. This involves the inear radio communication prompting the athletes’ concentration at key times during a race:
“When the [Sports Director] gets in your ear you just switch on” (Noah); “The crackling on
the radio just flicks a switch…and you get down to business” (Jeff). The cyclists also stated
that controlling the race through radio communication was an essential means of effective
team communication. Furthermore, non-auditory cues as a means of communication when
under load was conveyed as a strategy for inter-athlete communication between the cyclists.
Specifically, athletes stated they used facial expressions and hand gestures to convey
information between other cyclists. The athletes conveyed that effective communication was
key to success, as one athlete mentioned: “everyone needs to be on the same page, when your
sprinter yells at you…and everyone is on the same page…we win” (Eric). Overall, effective
communication was considered to have a critical role in excellent performance at the highest
level, and how a cyclist reacts to this communication was important for both team and
individual performance.
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Table 3.1
Psychological processes underlying excellent performance in world class endurance cycling
Raw data code

Higher order theme

Category

Hearing when to “go”; Using the sounds of competitors to predict reactions

Auditory cues to control performance

Effective

Switching on from team radio communication

Use of auditory cues to prompt concentration.

communication

Auditory cues from sports director’s radio telling where to be on the road

Controlling the race through radio communication

Body language and facial expressions of team mates due to exertion

Non-auditory cues as a means of communication when
under load.

Everyone on same page; All team members communicating effectively

Effective communication a key to success

Seeing what’s happening before it happens

Reactionary decision making

Glucose prompting “go time”; Glucose intake before final push

Glucose ingestion as a trigger “to go”

Experience informing choices; More you race the better choices made

Decision making based on experience

Needing to make a decision while above threshold key to result

Decision making under load at critical timeframes

Knowing much power you can produce for how long. Not responding to initial

Knowledge of TTE informing control of effort and

Decision making

inhibiting responses
“Shutting down” thoughts for greater control

Thought stopping

Use of

Regulating thoughts to control performance

Self-regulation

psychological

Using imagery to perform tasks

Visual imagery

strategies/selfregulation
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Emotions controlling actions; controlling emotions

Emotional regulation

Management of

Knowing anxiety is irrational; talking to others

Controlling anxiety

stress, anxiety and

Ride through nerves; Not overthinking race situations

Techniques to control stress and situational anxiety

mood

Happy with surroundings equals better performance

Positive emotions leading to better performance

Disengage the brain and let body do the work

Automaticity

Automatic and

Performance more important that mind state

Adjusting attentional focus

controlled
functioning

Riding through pain from crash

Pain from crashing

Suppression of pain from legs hurting

Pain from physical performance

Team sacrificing for a rider; Rider sacrificing for team

Sacrificial behaviours

Knowledge of role within team; Specific team role key to better performance

Team focused roles

Managing others; Stress and responsibility of being a team leader

Leadership

If we get it right as a team, we all benefit; Just need to execute my role and team wins

Execution of individual roles to serve team performance

All need to work together to make time cut; Our goal is the same despite different

Execution of individual roles to serve peloton performance

Pain management

Group processes

teams
Confidence makes me ride better; Confidence important for results

Confidence in ability

Projecting oneself as being the best

Projecting confidence

Team management support helping confidence

Proxy efficacy

If everyone does their job then we can execute the plan properly

Collective efficacy

Confidence/efficacy
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3.3.2 Decision Making
Decision making was considered by all participants to be an important factor for
excellent performance. Reactionary decision making was discussed during the performance in
terms of: “there is no real thought that goes into it. You just use instincts, they kick in pretty
hard” (Matt); “There is no real time to think, if you do that it is all over. You just have to shut
that part off and rely on what you know” (Trevor). Some cyclists suggested glucose ingestion
was a trigger ‘to go’ whereby they “switched on” cognitively and physiologically: “As soon
as I hit the gels it is go time. Mostly because you are going too hard to chew. You need sugar
to provide the energy. The gels prompt me for go time” (Neil); “By the time you really hit the
gels its go time – this time is key to making the right choices at the right time” (Jeff). Some
cyclists reported that decision making based on experience was also important in that
previous experience in similar situations helped them make informed decisions when
performing under physiological load. Decision making under load at critical timeframes was
also discussed as important: “I was over the limit and pushing really hard on the pedals, I had
to make the decision to attack or the race was over” (Jeff). Knowledge of time to exhaustion
informing control of effort and inhibiting responses also informed decision making: “I knew I
could only do 600 watts for another 40 seconds before I was gone, I had to not follow the
attack, I had to control my power and be confident he would not be able to sustain his effort”
(Neil). These athletes had acute knowledge of how long they can produce high amounts of
power, and their knowledge of these parameters influenced their decision making. This
category suggests that decision making ability (e.g., executive functions such as processing
speed, response inhibition, and automatic responses) is important for successful
performances.
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3.3.3 Use of Psychological Skills/Self-Regulation Strategies
Use of psychological skills and self-regulation strategies was reported by eight
athletes, and included the psychological constructs of thought stopping and self-regulation:
I find not going through race situations that are not going to happen is a key to
get rid of these thoughts. I still get the feeling people are watching me and they
are judging me for not really living up to my potential…I know this is an
illogical thing to think, and I have really done a lot to try and stop this feeling
(Trevor).
Another theme described was visual imagery: “Well I got to the top slightly anxious
and I went through what we had put in place. I sat there for a while closed my eyes and
visualised me bombing the downhill” (Gary). This use of imagery was during a race and was
used to overcome fear of descending. Results suggest that world class cyclists use a number
of different strategies to control the psychological demands of competition. Cyclists reported
using breathing techniques, imagery, and attempting to control heart rate, as techniques to
control the cognitive demands of elite endurance cycling. This suggests that world class
cyclists use a number of psychological strategies during excellent performance.
3.3.4 Management of Stress, Anxiety and Mood
All cyclists discussed the need to manage stress, anxiety and mood during
competition. These cyclists emphasised the importance of emotional regulation to help
control their emotions during excellent performance: “Sometimes you need to settle down and
control yourself when it really goes down” (Neil); “The more chilled you are under the pump
the better. You got to control your emotion if you want to be the best” (Bert). Controlling
anxiety was also seen as helpful to performance: “I was on edge because I didn’t know my
form, had I lost it a bit? It is irrational, but it happens…you kind of need to chat to someone
or overcome the fear” (Eric). Techniques to control stress and situational anxiety was also
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identified as important for performance: “During a Grand Tour the stress levels reach a peak,
it is super important to get some downtime, so you can just be yourself.” (Neil) and “The first
few days of the Tour I am always really anxious, it is a target race for everyone and everyone
is on edge, you just have to tell yourself to calm down and do what you trained for.” (Roger).
Positive emotions leading to better performance was also discussed by athletes: “The more up
you feel, you make the right calls within the race. I felt no nerves during the Olympics, I was
just wrapped [happy] to be there, I think that is why I got the result I did [gold medal]” (Gary)
and “If I am happy I make the right decisions without really thinking” (Robert). The analysis
indicates that the capacity to manage positive and negative emotional states is necessary to
produce excellent performances.
3.3.5 Automatic and Controlled Functioning
Six cyclists reported optimal automatic and controlled functioning during excellent
performance. Participants reported automaticity discussed how: “You don’t think too much,
your brain isn’t needed too much, you just need your legs to propel yourself forward.
Disengage your brain and let your body do the work” (Noah). These cyclists also reported
experiencing flow states during excellent performances, and interestingly, some cyclists
described adjusting attentional focus. That is, certain situations required them to perform at
such a high level physiologically that they disrupted flow/automaticity states in order to meet
the demands of the situation in a more controlled manner. For example, “[sometimes] you are
just letting it flow but sometimes you just need to push through that and control your power
more than be automatic” (Eric). This shift was typically close to the end of a race (e.g., for the
‘end spurt’). These data suggest that while states of automaticity such as flow are perceived
positively by elite endurance cyclists, in some situations the athletes are required to meet
demands in competition that takes priority over their subjective experience.
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3.3.6 Pain Management
The management of pain was discussed by three athletes and included two distinct
themes. The first theme referred to pain from crashing: “I had skin off, but I was OK, all in
all. You are sore, and that is the hardest mentally” (Neil). The second theme related to pain
from perception of effort: “pain is something that just happens, you need to be prepared to be
able to cope with it. It gets to a stage where it no longer hurts any more.[than it already does]”
(Roger). The two distinct types of pain encountered within performance and strategies to
effectively manage them are important during excellent performances.
3.3.7 Group Processes
Various group processes were reported by seven cyclists, in terms of themes such as
sacrificial behaviours, team focused roles and leadership. These cyclists described how their
execution of individual roles to serve the team’s performances is highly important to success.
For example, “you kind of just need to smash…the field. That is my job to put the hurt on
people, so when I look around there are a lot less people behind me than first started” (Noah).
Similarly, Bert outlined that “The team is fully lined out in the train and going full gas for
Matt, there is no better feeling than peeling off with 500m to go and freewheeling into the
finish line with your team mate winning”. Furthermore, Matt described a leadership role
within the team is a key component of team success: “You… need to control the others to get
what you need them to do. Being a leader starts from the training camp. You need to be
decisive. If the others don’t trust your leadership, the whole structure crumbles”. Execution of
individual roles to serve team performance and execution of individual roles to serve peloton
performance were also described by participants as important to team dynamics. These
themes were illustrated by quotes such as: “everybody has to know how what they do effects
the whole. If we get it right as a team then we all benefit. Winning is the end result of
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everyone going all in” (Roger). Excellent performance therefore involves the execution of
individual roles to serve the team performance.
3.3.8 Confidence/efficacy
The theme of confidence/efficacy captured four distinct themes. Confidence in ability
was reported during performance through quotes such as: “That confidence to perform or how
you think you are going is really important for results” (Neil), and:
Not many people can hold my wheel if I truly lay it down; I don’t think I had
ever ridden with that sense of my own abilities before. I wasn’t putting out real
peak numbers, but I knew I was going well in relation to the rest of the peloton”
(Robert).
Several of the cyclists also indicated that projecting confidence was important during
races: “If I project myself as being the best, that makes most of my opposition already beaten,
they don’t hassle you for wheels [position in the bunch] as much.” (Matt). The cyclists also
highlighted proxy efficacy (the confidence in others) and collective efficacy (ability to control
behaviours of others) as important themes: “It is too hard to ride your bike for people who
you don’t like or have no faith or confidence on your ability” (Jeff) and “For me to do my job
the dudes behind me need to not think about my decisions they just need to have faith that I
will do my job” (Bert). These data indicate that confidence in the self, the team and in others
is important for excellent performance at the world class level.
3.4 Discussion
3.4.1 Summary and Discussion
The primary purpose of this study was to investigate psychological factors underlying
excellent performance in world class endurance road cycling, by interviewing ten participants
as soon as possible following completion of a competitive event involving perceived or
objective excellent performance. Previous researchers have examined the physiology required
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to compete at a world class level (Faria et al., 2005a), the psychological aspects of competing
at an elite, albeit lower, level within cycling (Baghurst, 2012) and extends research by Kress
and Sattler (2007), by providing an account of the psychological determinants within
performance of current world class endurance cycling. Indeed, several of the higher and lower
order themes contained within this research are similar to those discussed by Kress and Sattler
(2007). The present study provides insight into the within performance psychological
demands of endurance cycling at the highest level. The analysis revealed eight categories
relevant to the psychological factors that underlie excellent performance in world-class
endurance cycling. These include effective communication, decision making, use of
psychological skills/self-regulation strategies, management of stress, anxiety and mood states,
automatic and controlled functioning, pain control, group processes, and confidence/efficacy.
Within these eight categories were 30 higher order themes which may contribute to excellent
world class endurance cycling performance. The key findings of this study are that effective
team communication is key to producing excellent performance. The use of in-ear intra-team
communication devices are unique to this level of the sport and as such need to be utilised
effectively for excellent performances to occur. Furthermore, decision making under
physiological load was shown to be vital to producing excellent performance. Results suggest
that athletes utilise several executive functions such as response inhibition, processing speed
and automatic responses to situations. To our knowledge, this study is the first of its kind to
gather evidence from such a highly successful sample.
The within performance communication of the team, both by the cyclist and from an
athlete or team member was seen as a crucial aspect of producing excellent performances. For
example, as might be expected in a team sporting environment, the use of cues that control the
attentional focus and ultimately the decision making of a cyclist were used to react to race
situations and control personal performances. Similarly, recent work on team leadership
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factors found that communication within a team and its leadership style effected the overall
performance and result an individual within the team could achieve (De Cuyper, Boen, Van
Beirendonck, Vanbeselaere, & Fransen, 2016). Participants described the use of auditory cues
to cue attentional control and the use of communication skills effectively can accentuate
performances. All participants reported some form of psychological performance
improvement derived from effective communication skills. This use of in-ear intra-team
communication is unique to world class cycling and how this communication method is
implemented may be of use to high performance staff in other endurance sports.
The decision making abilities theme was perceived to be an element of excellent
performance required to perform at a world class level. The decision to control physiological
responses and thought processes (i.e., reactionary decision making and inhibition of responses
to decisions) was shown to be a factor in excellent performance at the highest level. Previous
research (e.g., Martin et al., 2016; Spindler et al. 2017) has utilised the Stroop task (used to
assess response inhibition, processing speed, executive functioning and automatic responses)
to measure cognitive fatigue and implicit beliefs regarding decision making ability under
physiological load. Furthermore, it has been recently suggested that inhibiting responses may
be a key to endurance performance (Van Cutsem, Marcora, et al., 2017). Taken as a whole,
cognitive processes such as response inhibition, processing speed and automatic responses to
cues may play an important role in the decision making performance when world class
athletes produce an excellent performance.
Participants described that knowledge of times to exhaustion requires inhibiting
responses in order to control the physiological power output and not go beyond personal
limits of endurance performance. This finding adds to previous research suggesting that
response inhibition may be a key psychological determinant in endurance performance
(Salem, Marcora, Hopker, 2018; Van Cutsem, De Pauw et al., 2017). Furthermore, the
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decision making ability of athletes placed under physiological load during critical times
during performance was reported to be an essential component in producing excellent
performances at the highest level. This use of an athletes executive functioning may be crucial
in producing optimal endurance athletic performance (Brick, MacIntyre, & Campbell, 2016).
Within endurance cycling, athletes compete for up to three weeks during Grand Tour races
including training and racing upwards of 35,000 km per year (see Faria et al., 2005a), given
these physiological parameters, it is not surprising that executive functions and more
specifically decision making ability when physiologically under load are important
psychological attributes required to perform at a world class level.
An interesting finding was that several cyclists reported being in flow states and
needing to “push through” them and override this psychological state. In such cases, cyclists
reported focusing more on meeting the physical performance requirements of the situation in
critical moments. This finding may be similar to the ‘end spurt’, which has been suggested to
be experienced as a clutch state (Swann et al., 2017). An integrated model of flow and clutch
states in sport has recently emerged from research into optimal performance states (Swann et
al., 2017). This model suggests two distinct psychological states underlie excellent
performance in sport. The first state corresponds with the traditional conceptualisation of flow
(Csikszentmihalyi, 1975, 2002); however, the second state is more effortful, consciously
demanding, and deliberate, and corresponds with previous definitions of clutch performance
(Otten, 2009). Clutch performances occur when an athlete is aware they are performing in a
challenging situation, care about the outcome, and has the capacity to experience stress and
succeeds due to skill of the athlete (Hibbs, 2010). To date, we are unaware of any examples of
athletes foregoing or ‘pushing through’ flow states described in the literature.
An alternative explanation for this phenomenon may be the use of attentional
strategies to focus on physiology to push through flow states when the intensity of
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performance is high. This alternative explanation may have some merit as research has shown
that active self-regulation and outward monitoring environmental conditions may improve
performance when used during high intensity cycling exercise (Brick, MacIntyre, &
Campbell, 2016). Active self-regulation reflects an athlete’s effort to monitor or control
thoughts, actions or feelings and as such the athletes focus on technique, pacing and cadence
(Brick et al., 2016). Increased pace by self-regulation may not correspond with increased
perceptions of effort. Furthermore, by outwardly monitoring environmental conditions or
competitors, athletes can implement effective strategic decision making that are based on the
individual’s physiological capabilities (Brick et al., 2016). As such, further investigation into
the use of attentional strategies such as self-regulation and outward monitoring techniques
and the possible connection to the recently researched clutch states should be done to improve
and advance optimal performance state literature.
In addition, the finding that pain management techniques are used within excellent
performance is not surprising given the nature of the sport and reflects similar findings at
various levels of cycling and across various endurance athletic activities (Emmerman, 2012;
Kress & Sattler, 2007). Findings suggest two distinct categories of pain are encountered
within performance in world class endurance cycling. The first relates to an athlete’s ability to
manage pain associated with physical injury. The second, however, may reflect an athlete’s
ability to manage the perception of pain related to effort. Coping with perceptions of effort
has been suggest as a fundamental element in contemporary models of endurance
performance and pacing (Marcora, 2010; St Clair Gibson, Swart, & Tucker, 2018). Both
models of endurance performance differ in the mechanism that generate the perception of
effort, however efferent models suggest blood lactate is one factor considered responsible for
generation of perception of effort (Pageaux, 2014). Pain from lactate production was
suggested by several cyclists as a determinant and limiter of performance when perceived
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excellent performance was achieved. Within this study, results suggest how endurance
cyclists manage perceptions of pain is an important factor in producing excellent performance
at a world class level.
The interaction between individual and the team’s performance was perceived to be
essential to excellent performances. The role of teams within the performance realm was
shown to be paramount to individual results. This finding strengthens previous findings that
team leadership factors impact performance in endurance cycling (De Cuyper, Boen, Van
Beirendonck, Vanbeselaere, & Fransen, 2016), and the execution of team roles are paramount
to task cohesion and optimal performances in endurance cycling (Emmerman, 2012).
Furthermore, these findings support previous research stating sacrificial behaviours by
members of a team are paramount to improved performance in team sports (Carron, Shapcot,
& Burke, 2007). The current study extends previous research within elite cycling and
endurance athletics by showing that world class athletes also need to manage mood states in
order to compete effectively (Beedie, 2012; Emmerman, 2012). This suggests that anxiety,
stress, and mood have an effect on performance across all abilities in cycling (Olmedilla et al.,
2018). Similarly, the finding that belief, confidence and efficacy is important in world class
endurance cycling has been shown to also be a key aspect of producing excellent performance
across a range of abilities within the sport of endurance cycling (Baghurst, 2012; Spindler et
al., 2017).
Previous investigations have interviewed former world class athletes; however,
interviews did not take place close to a perceived excellent performance at a world class event
(Kress & Sattler, 2007). The current study extends the formative work undertaken by Kress
and Sattler (2007) by investigating world class endurance cyclists currently competing at a
world class level. Taken as a whole, this research has provided valuable support for several
key psychological processes in producing excellent performances at a world level (e.g. pain
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management, management of mood states, use of beliefs, executive functioning and
confidence). Importantly, this research has uncovered that world class endurance cycling
demands specific psychological processes that may differ from endurance cyclists of lesser
standards (e.g. use of in-ear communication) that may be of value to coaches and performance
staff looking to prepare athletes for the psychological rigours of competing at a world class
standard.
3.4.2 Limitations and Future Directions
The present research offers insights into the psychological factors involved in
excellent performances in world class endurance cycling. As with all research, there are
limitations in this work. Single rather than repeated interviews were conducted, and
longitudinal investigation of cyclists’ experiences throughout an event (that spans several
days to weeks) may have offered different perspectives. The experiences and perspectives
provided by the participants in the current study are unique to male world class endurance
cyclists. It would therefore be useful to interview participants across a range of performance
standards, and other disciplines of elite cycling (e.g., sprint cycling). In particular, a study of
world class female endurance cyclists would be advantageous (e.g., to explore any potential
gender differences). Riders were asked to describe excellent performances and investigating
the psychological processes of sub-optimal performances (e.g., choking) may also be an
interesting line of enquiry. In addition, investigation into the psychological attributes needed
to prepare for different aspects of the sport (such as three-week Grand Tours and one day
classic racing) would provide valuable information regarding the rigours of the sport.
Alternatively, interviews could be conducted with coaches or performance staff to obtain
broader perspectives and build on the findings reported here. Within the data, world class
endurance cyclist placed significant value on decision making skills when placed under

61

physiological load. Future research should investigate whether decision making performance
is influenced by psychological attributes.
3.4.3 Applied Recommendations
From an applied perspective, this study has important implications for athletes,
coaches and sports psychologists. This study is the first of its kind to interview current world
class endurance cyclists on the psychological attributes required for excellent performance.
The findings can inform how athletes, coaches and sports psychologists prepare for excellent
performances at the highest level and provides information on the attributes needed to
compete at a world class level. World class endurance cycling has unique attributes and has
seen little attention within psychological research (Spindler, Allen, Vella, & Swann, 2018).
The results of this research highlight psychological factors such as inhibiting
responses and the use of psychological processes to control physiological performance. Much
of the applied work within world-class cycling focuses on physiological attributes needed to
compete, however, this research emphasises that psychological attributes govern the
physiological performance. Every world class athlete level must possess the physiological
attributes required to compete (Beedie, 2012). However, this research emphasises that at a
world class level, endurance cyclist use psychological elements to drive physiological
performance. Recent research has emphasised a potential role for cognitive training in sport to
enhance performance across a range of measures (Walton, Keegan, Martin, & Hallock, 2018).
Emerging athletes could include psychological skills training such as inhibiting responses,
self-regulation and reactionary automatic responses into their routine to prepare for the
rigours of world class competition. As such, this study provides valuable insights to inform
sports scientists and practitioners on the cognitive demands of competing on the world stage.
In addition, effective team communication was shown to be an important factor in
producing excellent performance. Teams competing at the highest level should consider how
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communication is managed and delivered within the high-pressure environment of world
class sport. Furthermore, research into the determinants of decision making processes and
performance when cyclists are placed under physiological load may lead to improved
performances. Overall, the results from this study could inform talent development by
providing insights into the psychological determinants needed to compete at a world class
level.
3.5 Conclusion
In conclusion, this study investigated the psychological processes underlying excellent
performance in world-class endurance road cyclists. The primary contribution of this study is
the identification of psychological attributes involved in excellent performance at the highest
level of the sport. In total eight general categories were found to contribute to excellent
performance. A key finding of the research is that world class endurance cyclists use several
psychological attributes to control and drive the physiological requirements needed to
produce excellent performance. The findings extend and build upon previous research in elite
endurance cycling by providing a sample of cyclists who compete full-time at the highest
level and by generating insights from specific, excellent performances. The information
provided could be used by coaches and sports psychologists in preparing for excellent
performances in world class endurance cycling
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Reflections on Chapter 3 and Foreword to Chapter 4
The completion of Chapter 3 corresponds with the completion of the second phase of
the research. The second phase looked to explore the psychological processes that underlie
excellent performance in world-class endurance cycling. By exploring these processes at the
highest level of competition several key psychological processes emerged as important for
success. In total, 30 important psychological processes were identified by cyclists that could
be placed within eight broad categories. At this stage it is important to narrow down the scope
of the thesis to try to understand further the psychological processes that are most relevant to
peak performance. Of the 30 psychological processes that were identified, one component in
particular stood out as key to success in cycling – effective decision making. In particular,
decision making under physiological duress was described by the most successful athletes in
cycling as key to their success in competition. As such, the decision was made to focus the
remaining studies on understanding the processes that contribute to effective decision making
in elite endurance cyclists.
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CHAPTER 4: Selected Review of Literature – Part II
4.1 Introduction
The results of endurance races often hinge on an athletes’ ability to make critical
decisions, such as when to accelerate (and risk overextending capabilities) or inhibiting the
desire to accelerate and conserve vital energy (Allen, 2017). The crucial nature of decision
making has been highlighted by former number one ranked cyclist in the world, Andre
Griepel, who in an interview during the 2017 Tour De France stated “I’ve lost the instinct to
make the right decisions. I cannot even sprint” and “This is not my best time as a cyclist, but
what can I do about it?” (de Vlieger, 2017, p. 46). In this interview, Griepel outlined how he
had lost his decision making abilities at critical times during the world’s largest endurance
cycling event. The decision making process under severe physiological load was also
highlighted in an interview with 2017 world individual time trial and team time trial
champion and winner of the 2017 Giro D’Italia (Tour of Italy) Tom Dumoulin: “When you
are on the limit you can’t think, you shut everything out, if you think you lose” and “It
doesn’t matter if it is a mountain top finish or TT [time trial] at the world championships, you
have to control mentally your legs” (Kreckoffs, 2018, p. 7). These quotations show that, at
least anecdotally, decision making under physiological duress is critical for performance in
elite endurance cycling.
4.2 What is Decision Making?
Decision making is a vital component of human behaviour. In psychological science,
the study of decision making involves researching the processes of identifying and choosing
alternatives based on the values, preferences and beliefs of the decision maker (Santos &
Rosati, 2015). In cognitive neuroscience, decision-making refers to the cognitive process of
evaluating a number of possibilities and selecting the most appropriate in order to further a
specific goal or task (Parkin, Warriner, & Walsh, 2017). The cognitive processes involved
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evaluating and selecting are a fundamental component of executive functions, and recent
studies show that a complex neural network is involved in decision making including motor
areas of the brain, the frontal lobe, and the amygdala (for a review, see Basso & Suzuki,
2017). Executive functions are also involved in situations requiring planning or decision
making, error correction and problem solving (Basso & Suzuki, 2017). Executive function is
defined as a higher-order cognitive capability that controls rudimentary cognitive functions
such as working memory, problem solving, preparation and implementation of specific tasks,
as well as goal-setting behaviours (Chang, Labban, Gapin, & Etnier, 2012). As such, the
decision to start, maintain, or stop an action are controlled by an individual’s executive
functions (Basso & Suzuki, 2017).
4.3 Decision Making in Sport
Decision making in sport refers to the process of making a choice from a set of
options, with the outcome of that choice being crucial to performance on the task (Bar-Eli &
Raab, 2006). From a cognitive perspective, decision making in sport must involve time
demands regarding task execution, have an element of risk, require strategies surrounding
visual search and problem solving, and necessitate attentional focus (Parkin et al., 2017).
However, much of the existing research on decision making in sport has tended to focus on
evaluation of choice and negated the underlying cognitive processes needed to execute the
choice (Fellows, 2004). Research into decision making in domains such as gambling (Potenza
et al., 2003) and economics (Gutnik et al., 2006) have suggested that there is a need to
investigate the mechanisms that facilitate decisions rather than the decision itself as this is key
to understanding how the choice is made.
Judgement and decision making research has seen as many as 300 theories attempting
to capture how and why decisions are made (for detailed analysis see Bar-Eli et al., 2011).
These theories look to examine decision making at a computational, neurophysiological and
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behavioural levels. When looking at applying a theory to a sporting context the number
reduces considerably to 12 (Bar- Eli et al., 2011). However, despite the large number of
theories on decision making, no one theory has encapsulated the decisions made by world
class cyclists when placed under physiological load as seen in Chapter 3. Indeed, previous
research has suggested that: 1) judgement and decision making theory has been lacking in
sport; and 2) although several theories may include cognition and action they lacked
integration with the decisions made within specific sports (Bar-Eli & Raab, 2009). With the
lack of a directly relevant decision making theory, and the development of a relevant theory
being outside the scope of this thesis, the decision was therefore made to focus on the
mechanisms that facilitate decisions made by world class cyclists under physiological load
rather than the decision itself, as recommended by previous researchers (Potenza et al., 2003;
Gutnik et al., 2006).
Research suggests that executive functions differ between elite athletes in different
sports due to different sports requiring different executive functions (Krenn et al., 2018).
Moreover, there are significant differences between sports in terms of response inhibition,
task shifting, and interference control between elite athletes competing in ski jumping,
biathlon, European handball, volleyball and alpine skiing (Krenn et al., 2018). This suggests
that research findings regarding executive functions in one sport might not be transferable to
other sports. In endurance cycling, decisions are made by gathering information over time and
using this information to inform the decision (Beedie, 2012). As such, visual scanning for
information is paramount to decision making in sport (Bar-Eli & Raab, 2006). Furthermore,
decisions are often made under conditions of moderate or high time pressure (Johnson, 2006).
This complex array of variables in sport-relevant decision making has seen varied approaches
to measurement. For example, researchers have used video based paradigms that give athletes
several options to choose from, while others have used computer programs that capture
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specific mechanisms such as response inhibition via go/no go tasks. Approaches to measuring
decision making in sport remains contested and is widely discussed in the literature (Araujo,
Davids, & Hristovski, 2006). Given the complex array of choice and decision making made
by athletes, no one model or theory has successfully unified or consolidated decision making
in sport (Fellows, 2004).
Compared to non-elite athletes, elite athletes have greater precision in execution of
sport specific movements but also superior performance at the level of perception and
anticipation in decision making (Yarrow, Brown, & Krakauer, 2009). This superior decision
making performance is task and situation specific and is largely dependent on practice (and in
some cases individual differences; see Krenn et al., 2018). Functional neuroimaging and noninvasive cortical stimulation techniques have revealed several brain areas that might be
important for decision making performance (Yarrow et al., 2009). In particular, research
indicates that the medial and lateral prefrontal cortex, posterior parietal cortex, and
substructures such as the ventral striatum, are involved in higher order planning and decision
making skills of elite endurance athletes (Yarrow et al., 2009).
4.4 Decision Making Under Physiological Load
A critical timeframe for decision making is near the end of a race when an athlete is
under physiological duress and performing at maximal sustainable power outputs. Given that
the decision making process is severely hindered during periods of physiological duress
(Smits et al., 2014), it is likely that elite level endurance cyclists are cognitively impaired
during critical periods of competition.
4.4.1 Theories of Endurance Activity
The topic of how and why decisions occur within the regulation of endurance exercise
is a topic of much conjecture (Inzlicht & Marcora, 2016; Pageaux, 2014). The integrative
governor theory predicts that physiological duress and psychological drives (such as
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motivation and self-control) are limiting factors of endurance activity (St. Clair Gibson et al.,
2018). Moreover, the theory predicts that competition between physiological and
psychological homeostatic drives, which compete against each other, are weighed up by each
decision making function or structure within the brain (St. Clair Gibson et al., 2018). The
differences in homeostasis are what regulates exercise activity, psychological and
physiological fatigue, and in turn the outcome of an event (St. Clair Gibson et al., 2018). As
such, how an athlete performs in an event is a composite of how the athlete regulates physical
and psychological attributes involved in the control processes associated with the cessation of
endurance activity. The model states that a major challenge in understanding how endurance
exercise is regulated is to investigate how physiological and psychological processes
interconnect in controlling decision making processes and how they are operationalised by
both brain and body to produce excellent performance.
An alternate theory to the integrative governor theory is the psychobiological model of
endurance performance (Marcora et al., 2009) that proposes an effort-based decision making
theory to explain self-paced endurance performance. This theory is based on motivational
intensity theory (Brehm & Self, 1989) that postulates that regulation of pace is conscious and
determined by five cognitive and motivational factors (Marcora, 2009). The five factors are
perception of effort, potential motivation, knowledge of distance/time to cover, knowledge of
distance/time remaining, and previous experience of perception of effort during exercise of
varying intensities and durations. The psychobiological model proposes a link between the
response inhibition process (a main component of decision making in human volition;
Haggard, 2008) and perception of effort. A proposed explanation for the link between
response inhibition and perception of effort is the similar brain areas involved in decision
making and the regulation of endurance performance (Marcora et al., 2009). Moreover,
decision making processes (response inhibition, perception of effort, executive functions) are
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known to be associated with activity in the anterior cingulate cortex, ventral striatum, and the
dorsolateral prefrontal cortex (Haggard, 2008).
This psychobiological model proposes that executive functions (such as response
inhibition) drive the decision making processes that regulate endurance performance
(Marcora, 2010). However, research into the executive functions involved in the control of
endurance performance has tended to use non-elite samples and examine reaction times to
sport-specific decision making tasks rather than the cognitive processes that underlie decision
making such as response inhibition and execution of automatic responses (Parkin, Warriner,
& Walsh, 2017). Furthermore, research on executive functions involved in the control have
primarily looked at how cognitive fatigue may deteriorate endurance performance (Martin et
al., 2016; Moorem Romine, O’Connor, & Tomporowski, 2012). By investigating the
cognitive processes underlying decision making, it might be possible to uncover the specific
processes governing success in elite endurance cycling.
4.4.2 Research on Decision Making under Physiological Load
Much of the research on the relationship between exercise and decision making has
tested predictions that decision making performance is dependent on the allocation of
resources to meet specific task demands (Newell & Shanks, 2014; Wickens, 2014). Some
research has explored the effects of exercise induced fatigue on cognitive function in cyclists.
In one study (Moore, Romine, O’Connor, & Tomporowski, 2012) participants were assigned
to one of two experimental conditions – an exercise group (requiring 60 minutes of submaximal cycling intensity) or a control group (resting for 60 minutes). Before and after the 60
minutes, participants completed a range of cognitive tasks. The results showed that
performance on complex cognitive tasks (requiring specific task goals) deteriorates following
exercise, but tasks requiring less cognitive load (e.g., simple yes/no response) show no
deterioration after exercise. The results suggest that the effects of exercise induced fatigue on
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cognitive performance might be task dependent and that a greater cognitive load required to
perform the task will accompany a larger deterioration in cognitive performance.
Further research investigated the effects of resistance to mental fatigue and inhibitory
control in professional and recreational road cyclists (Martin et al., 2016). This study used a
modified incongruent colour-word Stroop task (a cognitive task requiring response inhibition)
for 30 minutes to induce mental fatigue or an easy task for 10 minutes (requiring little mental
exertion). Cyclists were then required to complete an incremental cycling task until functional
exhaustion. Results showed that professional male road cyclist displayed significantly greater
ability to inhibit responses and were more resistant to mental fatigue than recreational level
cyclists. The results suggest that successful professional road cyclists have superior inhibitory
control and resistance to mental fatigue than non-elite cyclists.
It should be noted here that much research has explored the association between
exercise and cognitive function in non-athletic samples (for a review, see Prakash, Voss,
Erickson, & Kramer, 2015). This research shows that both acute and chronic exercise improve
cognitive function, but that the benefits of exercise for cognitive function occur after physical
fatigue has subsided (about 5 minutes after cessation of exercise). Indeed, elite level athletes
have been found to perform better on tests of executive functioning and this is likely a result
of their higher average fitness levels (Badgaiyan, 2000). There is also evidence that
professional athletes possess improved neural pathways in the anterior cingulate cortex,
ventral striatum and dorsolateral prefrontal cortex that results in greater efficiency in tasks
requiring decision making (Bernardi et al., 2013).
Surprisingly, very little is understood about the psychological processes involved in
decision making performance under physiological duress. However, the influence of fatigue
(i.e., physiological duress) on decision making in lower extremity mechanics (during
execution of sport specific manoeuvres) was the subject of a recent systematic review
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(Almonroeder et al., 2018). In total, five articles were included in the systematic review. A
narrative synthesis showed that fatigue can compromise cognitive processing by diminishing
ability to control movement when rapid decision making is required. Furthermore, the
findings indicated that fatigue might only affect cognitive processing associated with decision
making when athletes are approaching an exhausted state. In short, this line of research
indicates a decrement in decision making performance when athletes are placed under severe
physiological load.
4.5 Measuring Decision Making
Previous research has reported difficulties in developing ecologically valid decision
making measures that are generalizable to all sports (Renfree, Martin, Micklewright, & St
Clair Gibson, 2013). Much of the research on decision making in elite sport has used sportspecific decision making measures and investigated decision making performance within a
single sport (Renfree et al., 2013). Research has suggested that choice between responses,
variability of responses, visual search, time pressure, and underlying cognitive processes are
important areas of investigation for decision making in sport (Araujo, Davids, & Cote, 2006).
However, little research has explored the underlying mechanisms that drive the decision
making process such as response inhibition and automaticity of response, and whether these
mechanisms can be manipulated through intervention (Cotterill & Discombe, 2016).
The colour-word match Stroop task (Stroop, 1936) investigates a persons’ ability to
process goal-relevant information efficiently while filtering out goal-irrelevant information.
The Stroop task is one of the most frequently used neuropsychological assessments and has
been used to measure selective attention, ability to inhibit habitual responses, executive
control and function, and information processing speeds (Etnier & Chang, 2009; Pachana,
Thompson, Marcopulos, & Yoash-Gantz, 2008). As a research tool, the Stroop task has been
used extensively to test capacity for selective attention (the ability to focus on relevant cues
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and ignore irrelevant ones) and processing speed (the speed at which decisions are made)
(Demetriou, Spanoudis, Christou, & Platsidou, 2001; Yanagisawa et al., 2010). Higher scores
on the Stroop task (using both congruent and incongruent conditions) require high levels of
executive functioning, including response inhibition and processing of novel information
(Chang et al., 2012). The results of Chapter 3 indicated that response inhibition and automatic
decision making are important for excellent performance in world-class endurance cycling,
and response inhibition and automaticity of response have been identified as key components
of the decision making process (Cotterill & Discombe, 2016). Interestingly, these executive
functions are captured through the congruent and incongruent conditions of the Stroop task.
Therefore, the Stroop task might be considered a useful proxy measure of decision making
performance.
The Brain Test – Stroop Effect application (version 1.1.3), is a short 60 second version
of the Stroop task that provides a composite score for the congruent and incongruent
conditions of the task. This application varies from the traditional Stroop effect test (Stroop,
1936), as it incorporates several other aspects of decision making performance and does not
aim to specifically measure response inhibition. The task involves visual search, variability of
response, and choice of response strategies. These cognitive processes were shown to be
relevant to decision making performance by world class athletes competing under
physiological load (see Chapter 3). Furthermore, Chapter 3 stated that decision making ability
(e.g., executive functions such as processing speed, response inhibition, and automatic
responses) is important for successful performances. As such, this application was selected
for its ability to capture many cognitive processes (processing speed, response inhibition,
automatic responses, visual search strategies and choice of response) underlying the decisions
made by cyclists competing at the highest level of the sport. Given this and the ease of use
regarding transportability and access to sample difficulties, the application was used within
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the experimental studies as a proxy measure of decision making performance. Participants are
presented with a word with the correct target colour at the top of the screen, and two choices
at either side of the screen at the bottom. The correct response requires the participant to
assign the font colour of the word at the top of the screen (regardless of the word name) with
the word name at the bottom of the screen (regardless of font colour). The application
randomly assigns where the correct answer appears at the bottom of the screen (left or right).
The participant is required to achieve as many correct responses as possible in a 60 second
period. The congruent condition is commonly used to investigate automaticity of response
(Brisswalter, Collardeau, & René, 2002) (See Figure 4.1a for an example) whereas the
incongruent condition is commonly used as a measure of response inhibition (Yanagisawa et
al., 2010) (see Figure 4.2b for an example).

a)

b)

Figure 4.1. Example of the Stroop task congruent condition (a) and Stroop task incongruent
condition (b) as seen on the Brain Test – Stroop Effect application.
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4.6 Aims of Experimental Studies
The third phase of research aims to investigate the psychological determinants of
decision making performance in elite endurance cyclists. Several issues were considered in
the conceptualisation of this phase of the research. In order to capture decision making
performance of endurance cyclists while under physiological load, a physiological testing
procedure that had high ecological validity was needed. The Functional Threshold Power
(FTP) test has been shown to induce high levels of physiological duress and are routinely
performed by elite cyclists as part of their regular training (Capostagno, Lambert, &
Lamberts, 2016). The FTP test involves a 20-minute maximum sustainable cycling interval.
Performance on the FTP test strongly correlates with an athletes’ lactate threshold (Bellinger
& Minahan, 2014). When performed correctly, at the completion of the FTP test the athlete is
above ventilatory threshold with a heart rate that is approaching their maximal heart rate
(McNaughton, Roberts, & Bentley, 2006). Research shows that it might be worthwhile to
explore decision making processes under physiological duress (Almonroeder et al., 2018) and
therefore a research design that involved decision making during high intensity exercise was
required.
One potential problem when designing an experiment that involves cognitive testing
during exercise is injury risk. In other words, it would be unethical, and potentially hazardous,
to ask elite athletes to complete a demanding cognitive task while still producing maximal
sustainable power outputs. In practice it also does not work well – athletes will either slow
their pedal cadence as they focus on the cognitive task (lowering fatigue) or focus on
maintaining pedal cadence and inhibit their performance on the cognitive task. Therefore, the
best method of assessing cognitive performance under physiological load is to have athletes
complete the cognitive task immediately after exercise but before they recover from the
exercise. Research has shown that an elite athlete’s heart rate recovers to below steady state
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lactate threshold in 60-90 seconds (Lazic et al., 2016). In other words, they recover very
quickly and do not stay fatigued for long after high intensity exercise. Therefore, it was
necessary to use a decision making task that was no longer than 60 seconds in duration. For
this reason, the Brain Test – Stroop Effect application was used in preference to the validated
five minute version of the Stroop.
By using this Stroop application on a portable tablet there is an opportunity to access
samples outside of regular laboratory (university) conditions. This is important as the research
intended to focus exclusively on elite athletes given that findings on sub-elite athletes do not
transfer well to the elite level (Swann et al., 2015). Therefore, a minimum level of ‘semi-elite’
was set for all participants in experimental studies. This classification standard is based on the
athlete’s highest standard of performance, experience at that level, and success achieved
(Swann et al., 2015). To be considered elite, cyclists had to be at least involved in a reputable
talent identification program, had success at semi-professional 3rd or 4th tier competition, have
2-5 years’ experience, and (dependant on the country of residence) cycling ranked between
5th-10th in participation levels.
The results from Chapter 2 revealed a lack of manipulation checks in experimental
research on elite cyclists. Therefore, multiple manipulation checks were to be included within
this program of research. Moreover, it is important to check that physiological duress
(measured by power output) does not differ between experimental conditions. If physiological
duress differs between conditions then it will not be possible to determine whether differences
in decision making performance are a function of the manipulation or a function of differing
fatigue levels between conditions. Other manipulation checks will be included to ensure that
the various manipulations are successful. In short, the aim of the third phase of the research
was to test methods that might improve decision making performance under duress using
rigorous experimental protocols.
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Reflections on Chapter 4 and Foreword to Chapter 5
The second review of literature introduced a large body of research on decision
making in sport. This corresponded to a narrowing of focus in the thesis to understand the
processes governing effective decision making in elite cyclists when placed under severe
physiological load. The next objective is to identify and test various methods of improving
decision making performance.
Emotions have been shown to influence decision making across various contexts
(Lerner, Li, Valdesolo, & Kassam, 2015) and might be important for decision making under
physiological duress. Furthermore, emotions were perceived by world class endurance
cyclists to be important in producing excellent performances (Chapter 4). Research suggests
that activation and stimulation of particular brain areas resulting from emotion might affect
performance on cognitive tasks (Bush, Luu, & Posner, 2000). Indeed, several regions in the
brain become activated when emotions are elicited including the anterior cingulate cortex
(Bush, Luu, & Posner, 2000), dorsolateral prefontal cortex (Bachara, Domasio, & Domasio,
2000) and ventral striatum (Lindquist et al., 2016). These brain areas are also activated during
decision making tasks (Broche-Perez, Herrera Jimenez, & Omar-Martinez, 2016). In other
words, the same brain areas involved in decision making are thought to be involved in
emotion regulation (Gutnik, Hakimzada, Yoskowitz, & Patel, 2006). It is possible that
stimulation of these brain regions through emotion manipulation might affect decision making
performance.
Research in sport shows that there are various ways to manipulate emotion (Laborde
& Raab, 2013) and this first experiment sought to use motivational general-arousal imagery to
induce positive or negative emotion given the strong theoretical foundation for imagery
manipulation in sport (Holmes & Collins, 2001; Martin, Moritz, & Hall, 1999). Physiological
duress was induced to mimic performance-relevant conditions (FTP test) and decision making
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was measured using the colour-word match Stroop task. The aim of the experiment is to test
whether emotion manipulation affects decision making performance (Stroop task score) under
physiological duress in elite endurance cyclists. What follows is the ahead of print manuscript
(excluding abstract and reference list) accepted for publication at Cognition and Emotion.
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CHAPTER 5: Motivational-General Arousal Imagery Does Not Improve DecisionMaking Performance in Elite Endurance Cyclists
5.1 Introduction
Success in elite endurance cycling requires athletes to perform at their psychological
peak when placed under severe physiological load (Spindler, Allen, Vella, & Swann, 2018).
Elite athletes regularly compete under high physical and psychological duress that can affect
their decision making performance (Parkin, Warnier, & Walsh, 2017). It is therefore
unsurprising that sport psychologists and cycling coaches are interested in identifying
potential techniques that might improve the decision making performance of elite endurance
cyclists. One mechanism that has been found to affect decision making performance in
various performance and non-performance contexts is emotion (Lerner, Li, Valdesolo, &
Kassam, 2015). Emotion valence (positive or negative) is known to affect the shifting and
inhibition functions of the attention system (Eyesenck & Derakshan, 2011) and motivational
imagery scripts have been identified as a useful approach to inducing positive emotions
(Mellalieu, Hanton, & Thomas, 2009). However, little is known about the potential
contribution of emotion induced imagery to decision making performance, or the potential
benefits of motivational-general arousal imagery in elite athletic samples. The current
experiment sought to test the effects of motivational-general arousal imagery on the decision
making performance of elite endurance cyclists placed under submaximal physiological load.
Emotion refers to distinct and reliable responses to external or internal events on
which individuals have placed significance (Schwarz, 2000) and consists of a coordinated set
of psychological, behavioural, and neural responses (Bechara, Damasio, & Damasio, 2000).
In the context of competitive sport, positive emotions have been found to benefit sport
performance in most instances whereas negative emotions have been found to be detrimental
to sport performance in most instances (Beedie, Terry, & Lane, 2000; McCarthy, 2011;
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Uphill, Groom, & Jones, 2012). However, positive emotions such as happiness can be
detrimental to performance and negative emotions such as anxiety can be helpful to
performance in some circumstances (Allen, Jones, McCarthy, Sheehan-Mansfield, &
Sheffield, 2013; Woodman et al., 2009). Moreover, research in competitive cyclists has found
that experiencing unpleasant emotions during performance can tax physiological resources
(Lane,

Wilson, Whyte, & Shave, 2011) and that feedback induced positive emotions are

associated with reduced metabolic cost of performance (Beedie, Lane, & Wilson, 2012).
Decision making is often described in terms of the quality of the decision (the best
option chosen) and the time needed to make the decision (for the best option chosen) (see
Hohmann, Obelöer, Schlapkohl, & Raab, 2016). The importance of decision making skills for
athletes is undisputed (Hohmann et al., 2016) – and decision making has been identified as
key to success in elite cycling (Spindler et al., 2018) – but much less is known about methods
to improve decision making abilities. Research has shown that emotions can affect decision
making in a number of ways (see Lerner, Li, Valdesolo, & Kassam, 2015). In performance
contexts, positive emotions are thought to benefit decision making whereas negative emotions
are thought to worsen decision making. For example, positive emotions enhance the
efficiency of the shifting function of the attention system, whereas negative emotions (and
anxiety in particular) disrupt the shifting and inhibition functions of the attention system
(Derakshan & Eysenck, 2010; Eysenck, Derakshan, Santos, & Calvo, 2007). Indeed, research
in the context of sport has found that anxiety can disrupt visual attention across a range of
performance contexts (Wilson, Vine, & Wood, 2009; Wilson, Wood, & Vine, 2009). Few
studies have explored the effect of positive emotion on decision making in sport. However, in
two experiments on team-handball players (Laborde & Raab, 2013) it was found that,
contrary to hypotheses, athletes manipulated to experience a neutral emotional state showed
faster and more accurate decision making than athletes manipulated to experience positive or
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negative emotional states. The authors recommended further research test the usefulness of
emotion manipulation for decision making performance in athletic settings.
One method that might facilitate a positive emotional state, and in turn decision
making, is imagery. Imagery is a widely used psychological technique that has been found to
enhance positive psychological states such as self-confidence and concentration (Koehn,
Morris, & Watt, 2014; Munroe-Chandler, Hall, & Fishburne, 2008) as well as athletic
performance (Cumming & Ramsey, 2008; Kuan, Morris, Kueh, & Terry, 2018). Moreover,
imagery training has been found to benefit decision making performance (response choice) in
athletic contexts such as curling (Stewart & Hall, 2016, 2017). The applied model of imagery
use (Martin, Moritz, & Hall, 1999) considers that there are five main types of imagery
intervention that have different functions, and that it is important to match the imagery
function with the desired outcome if the imagery intervention is to be successful.
Motivational-general arousal imagery involves imagining feelings associated with arousal
(Martin et al., 1999). In amateur sport performers, motivational-general arousal imagery has
been found to increase positive emotions and reduce negative emotions, and also change
perceptions of emotion such that negative emotions are perceived as more facilitative to
athletic performance (Mellalieu et al., 2009). These results suggest that it might be possible to
improve decision making performance through targeted imagery training that facilitates
positive emotions.
The current research considers decision making in terms of both the accuracy of the
decision and the speed of the decision. In cycling, the most important time for decision
making (e.g., the decision to follow a cyclist breaking from the pack or to stay with the pack
and conserve energy) is near the end of a competition when the cyclists is under severe
physiological duress (Spindler et al., 2018) and this is the time when a quick and accurate
decision can be the difference between winning and losing. A useful and well-known task that
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provides information on these factors (speed and accuracy) is the colour word match Stroop
task (Stroop, 1935). This task has previously been adopted as a proxy measure of decision
making performance in research on elite cyclists (Spindler, Allen, Vella, & Swann, 2017). In
addition, the most important time for decision making in sport is at the end of a competition
when athletes are under physiological duress (Allen, 2017) and this is often when athletes are
most susceptible to fatigue-induced poor decision making (Beedie, 2012). Therefore, we were
interested in whether motivational-general arousal imagery could facilitate positive emotions
and decision making performance when elite cyclists are under physiological duress
(reflective of natural competitive conditions).
Understanding the best methods for improving decision making performance of elite
endurance cyclists is an important avenue of research given that decision making in critical
moments (e.g., under physiological duress at the end of a competitive race) is likely to be a
key factor in athletic achievement. Based on previous research indicating that motivationalgeneral arousal imagery benefits positive emotion (Mellalieu et al., 2009) and research
indicating that positive emotions foster better decision making (see Lerner et al., 2015), we
hypothesised that elite cyclists assigned to a positive motivational-general arousal imagery
condition (in which positive images associated with the affective experience of success are
encouraged) would perform better in a decision making task while under submaximal
physiological load than elite cyclists assigned to a negative motivational-general arousal
imagery condition (in which negative images associated with the affective experience of poor
performance are encouraged).
5.2 Method
5.2.1 Participants
Sample size was calculated using conservative estimates in the statistical program
GPower 3.0 (Faul, Erdfelder, Lang, & Buchner, 2007), for a repeated measures analysis of
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variance (ANOVA) using between-within interactions. To detect a medium effect size (f =
.25) using an alpha error probability of 0.05 and statistical power set at 0.95, a total sample
size of 54 participants was required (27 participants per condition). The target of a medium
effect size was based on previous research exploring decision making in sport using similar
measures (Laborde & Raab, 2013). In total, 54 elite endurance cyclists volunteered to
participate in the experiment during routine training camps or scheduled physiological
assessments routinely undertaken for performance appraisal. The sample includes 38 men
(Mage = 23.92, SD = 3.24) and 16 women (Mage = 24.44, SD = 4.16). The sample included five
Oceania champions and 21 cyclists that had won a medal at national level. The cyclists were
all competing at least at national level and had achieved success at state or national level. In
other words, the sample ranged from “world-class elite” to “successful-elite” (Swann, Moran,
& Piggott, 2015). Participants with current or pre-existing cardiac abnormalities, an inability
to use imagery (SIAQ score below 4.0), taking medication affecting blood pressure, or colourrelated visual impairments were ineligible and not included in the experiment.
5.2.2 Materials
5.2.2.1 Physiological duress. Physiological duress was induced with a 20-minute
maximal sustainable intensity interval. This protocol was designed to acquire the maximal
sustainable power output for the duration of the testing protocol (Wells, Atkinson, Rossiter, &
Marwood, 2014). Research suggests that functional threshold power (FTP) is highly
correlated with sustainable power output at Maximal Lactate Steady State (MLSS) (Allen,
2017). The MLSS is defined as the highest sustainable work load without a continual blood
lactate accumulation (Billat, Sirvent, Koralsztien, & Mercier, 2003). Therefore, the MLSS is a
strong indicator of aerobic and anaerobic capacity and therefore an index of endurance
performance (Burtscher, Nachbauer, & Wilber, 2011).
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The performance threshold required to compete at various levels of elite endurance
cycling has been quantified using the FTP testing protocol (Coggan, 2001). The normalisation
of FTP, by dividing FTP by an athlete’s weight, into watts per kilogram (w/kg) accounts for
variations in force a heavier athlete can generate over a lighter athlete. National level
standards require male cyclists’ w/kg to be a minimum of 4.9 w/kg, and female cyclists’ w/kg
to be a minimum of 4.2 w/kg for elite national level. Elite endurance cyclists regularly
undertake the FTP testing protocol as a performance and load stress indicator (Weston,
Taylor, Batterham, & Hopkins, 2014). Within this experiment FTP was registered via crankarm based power meters and recorded via a Garmin 820 ANT+ head unit.
Power produced by a cyclist can be quantified throughout the pedal stroke via a series
of strain gauges located in the bottom bracket of the bicycle. Force is measured by strain
gauge deflection located at 12 points throughout a complete revolution of the crank arms. A
measurement is derived from the amount of deflection on the strain gauges and the number of
revolutions per minute of the crank arms and expressed in watts. Prior to testing each power
meter was calibrated according to manufacturer’s specification (Martin et al., 1998). The use
of personal bicycles and the resultant use of different models of power meters was required
due to participants contractual arrangements and to minimise injury risk by performing a nonpreferred cycling position. Functional threshold power was determined by the average power
for the duration of the FTP testing protocol. Average power divided by the weight of the
participant was then calculated to determine the athletic ability of the participant.
5.2.2.2 Decision making. The colour-word match Stroop task was used as a proxy
measure of decision making (see Spindler et al, 2017). The task was administered on an
Apple iPad 4th Generation electronic tablet (model number A1366), using the Brain Test –
Stroop Effect application version 1.1.3. The application is a modified version of the original
Stroop task (Stroop, 1935). Participants are presented at the top of the screen with the name of
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the target colour (blue, orange, purple, red, or yellow) in a font colour that might or might not
correspond to the name of the target word with two answer options appearing at the bottom of
the screen. The task requires participants to identify the font colour of the word (at the top of
the screen) and the corresponding word at the bottom of the screen. This version of the Stroop
task has two conditions: congruent and incongruent. Both conditions are randomly assigned
throughout the application. In the congruent condition, the font colour and the text name of
the colour are matched (e.g., for the word blue, when the font colour is presented in blue and
the text word is blue, the correct target answer is blue). In the incongruent condition, the
colour name and the font colour differ (e.g., for the word red in the font colour blue, the
correct answer at the bottom of the screen is the word blue). The incongruent condition
requires higher-order inhibitory control, with the congruent condition measuring processing
speed and lower order automatic responses.
Response times for the incongruent condition are typically slower than those of the
congruent condition. The incongruent condition tends to increase reaction time due to
increased executive functioning and inhibitory control required to complete the task
(Brisswalter, Collardeau, & René, 2002). Moreover, the reading of the word interferes with
the identification of the font colour due their incongruence and need for higher order
functioning to successfully identify the correct response. The application requires the
participant to accumulate the highest possible score in 60 seconds with one point for a correct
response and a point deducted for an incorrect response. Therefore, due to the application
using both the congruent and incongruent conditions, a higher accumulative score requires
speed and accuracy of responses. A higher score indicates greater inhibitory control,
automated response reaction time, and executive functioning (and is a reflection of better
decision making performance). Participants are instructed to complete the task as quickly and
accurately as possible. The task was restricted to 60 seconds as previous research has found
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that elite athletes heart rate recovers rapidly and can return to below steady state lactate
threshold in 60-90 seconds (Lazic et al., 2017). To ensure the athletes were under
physiological duress during the completion of the Stroop task, it was necessary to have the
task completed immediately after the FTP test within 60-90 seconds. The 60-second version
of the Stroop task has not been subjected to critical validation against the 5-minute Stroop
(see McLeod, 1991) but has demonstrated evidence of predictive validity in the context of
elite cycling (Spindler et al., 2017).
5.2.2.3 Imagery ability. The sport imagery ability questionnaire (SIAQ; Williams &
Cumming, 2011) was used to assess the imagery ability of participants prior to the testing
procedure. The questionnaire consists of 15 items reflecting five subscales as well as a global
measure of sport imagery ability. Ratings are made on a 7-point scale from 1 (very hard to
imagine) to 7 (very easy to imagine). The SIAQ’s global measure of sport imagery ability was
used to assess the ability of participants to form an image in relation to performance of elite
cycling. This scale has been shown to produce valid and reliable estimates of imagery ability
across sports (Williams & Cumming, 2014).
5.2.2.4 Imagery scripts. Participants were read one of two pre-prepared scripts
designed to elicit an emotional response. The scripts were designed to elicit positive or
negative emotion. The scripts were developed to be consistent with the PETTLEP model of
motor imagery (Holmes & Collins, 2001). The scripts were read to participants at designated
intervals during the FTP test. Participants were first asked to visualise an event where they
had either a successful performance (positive imagery condition) or an unsuccessful
performance (negative imagery condition). Participants were asked to recollect the images as
vividly as possible. At 3 minute intervals, starting at 30 seconds into the 20-minute FTP test,
the participant was read a statement related to the condition they had been assigned. For
example, in the positive condition at six minutes and 30 seconds the researcher stated: “You
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are doing great. Keep thinking about all those great performances and all those things you did
well that gave you feelings of elation and happiness”. In the negative condition, at the same
time-point, the researcher stated: “You are doing great. Keep thinking about those past
performances where things went wrong and you did not get the outcome that you wanted”. A
transcript of the full positive and negative imagery scripts can be accessed in the Chapter 4
Supplementary Files.
5.2.2.5 Emotion. The sport emotion questionnaire (SEQ; Jones, Lane, Bray, Uphill, &
Catlin, 2005), was used to assess emotion in elite endurance cyclists. The questionnaire
consists of 22 items reflecting five emotional states (anger, anxiety, dejection, excitement, and
happiness). Ratings are made on a 5-point scale ranging from 0 (not at all), to 4 (extremely).
The SEQ has demonstrated acceptable face, content, factorial and concurrent validity (Jones
et al., 2005). The SEQ has shown evidence of face, content, factorial and predictive validity
across a range of athletic samples (Arnold & Fletcher, 2015; Jones et al., 2005). The current
experiment used the sub-scales of happiness and dejection. Other emotions assessed by the
SEQ (anger, excitement and anxiety) were not targeted in the imagery intervention. In the
current sample, the internal consistency of the items (Chronbach’s alpha) were acceptable at
.74 (happiness) and .81 (dejection).
5.2.3 Procedure
Prior to data collection the experiment was approved by a university research ethics
committee (ethical approval no.: HE 15/112) and all participants provided written informed
consent. The data collection occurred during routine performance appraisals conducted by
performance support personnel or routine training camps arranged by the participants’ team.
Participants were recruited by the first author and were contacted by electronic mail and
telephone calls. Prior to the testing procedure, participants were required to complete a
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general health questionnaire (including descriptors such as age, weight and gender), as well as
the SIAQ (Williams & Cumming, 2014).
Participants completed an initial Stroop task while seated on their bicycle before
performing their individualised pre-exercise warm-up protocol. Participants remained seated
on the bicycle and were given standardised instructions within the experimental procedure
(for an illustration of the procedure see Chapter 4 Supplementary File). Participants were
given the tablet computer and self-selected a position on the bicycle that would enable them
to perform the Stroop task quickly and accurately. Participants used self-selected positions for
the pre- and post-FTP test. Participants used their personal bicycles fitted to a stationary cycle
ergometer (Wahoo Fitness Kickr Power Trainer+). The use of personal bicycles optimises
performance by minimising injury risk and removing the variable of less than optimal and
non-practiced cycling position, potentially producing sub-optimal power outputs for the
duration of the testing procedure (Martin et al., 1998). An individualised warn-up protocol
was chosen due to lack of consensus in the scientific literature regarding individualised warmup procedures (Muyor, 2017), and reduced injury risk of a less than optimal warm-up
protocol (each cyclist has a specific warm up protocol set out by their coaching staff
developed over many years).
Participants were randomised into one of the two experimental conditions using a
random number generator. In the first condition (n = 27), while situated on their bicycle,
participants were read a passage asking them to think about an unsuccessful performance and
to retain this image (and the emotions they experienced) throughout the 20 minute FTP test.
In the second condition (n = 27), participants were read a passage asking them to think about
a successful performance and to retain this image (and the positive emotions they
experienced) throughout the FTP test. All participants were then required to undertake the
FTP test during which the researcher at pre-arranged times read from scripts (see Chapter 4
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Supplementary File) designed to elicit an emotional state corresponding to the condition
assigned. Immediately upon completion of the FTP test, and while still seated on the bicycle,
participants completed the Stroop task for a second time. After a self-selected warm down,
participants completed the SEQ in relation to how they felt during the FTP test. Participants
were also asked a further question regarding how successfully they were able to imagine the
performance during the FTP task as a further imagery based manipulation check, from 1 (was
very difficult to imagine) to 10 (was very easy to imagine). Upon completion, cyclists were
debriefed and thanked for their time. Once recruited, no participants chose to be removed
from the study and no participants were omitted due to minimum physiological performance
standards, non-adherence of protocols, or dropout during testing.
5.2.4 Statistical Analyses
A multivariate analysis of variance (MANOVA) was performed to compare SEQ
scores (dejection and happiness) between imagery conditions. An independent samples t test
was performed to check that participants successfully engaged in the imagery intervention. A
2 (time) x 2 (emotion) analysis of covariance (ANCOVA), with age and gender included as
covariates, was performed to explore change in decision making performance from pre- to
post FTP test between those assigned to the positive imagery condition and those assigned to
the negative imagery condition. For the main ANCOVA analysis, variance estimates were
approximately equal between groups (Levene’s test of equality of variance and Box’s test of
equality of covariance’s, α > .001). The data satisfied the criteria for parametric analysis and
assumptions for ANCOVA and was normally distributed.
To make further inferences about true size of the effect for motivational-general
arousal imagery on Stroop task performance, the uncertainty of effect was expressed as 90%
confidence limits and as the likelihood that the true value of the effect represents substantial
change (Hopkins, 2002). An effect was deemed unclear if confidence intervals overlapped the
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thresholds for substantiveness (positive or negative). The smallest substantial change in
Stroop performance was deemed to be a reduction or increase in Stroop performance of more
than 0.8% based on the effect gained from the prior ANCOVA analysis. The threshold value
for the smallest standardised change was assumed to be 0.20 (Cohen, 1998). Inferences about
the effect of motivation-general arousal imagery on Stroop performance were made with
respect to the minimum recommended effect sizes representing a practically useful effect of
0.2 (Cohen, 1998).
5.3 Results
5.3.1 Manipulation Check
The independent samples t-test for the post-test imagery assessment showed that there
was no significant difference in difficulty with imagery during the FTP test between those in
the negative emotion condition (M = 7.70, SD = 0.95) and those in the positive emotion
condition (M = 7.67, SD = 1.04), t(1, 52) = 0.14, p = 0.892, d = 0.04. All participants scored
above 5 (midpoint) indicating that all participants were able to engage in the mental imagery
intervention while under physiological duress from the FTP test. The MANOVA revealed that
there was a significant difference in reported happiness and dejection during the FTP test,
F(2, 52) = 1090.18, p < .001, η2 = .96. Those in the negative imagery condition reported
lower happiness scores (M = 0.98, SD = 0.22) than those in the positive imagery condition (M
= 3.00, SD = 0.24). In contrast, those in the negative imagery condition reported higher
dejection scores (M = 2.56, SD = 0.26) than those in the positive imagery condition (M =
0.71, SD = 0.33). This suggests that the motivational-general arousal imagery script elicited
an emotional response that was consistent with the condition to which participants were
assigned (see Table 5.1).
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Table 5.1
Means and standard deviations for manipulation checks and physiological output across conditions
Negative emotion condition

Positive emotion condition

n

M

SD

n

M

SD

Imagery difficulty

27

7.70

0.95

27

7.67

1.04

Happiness

27

0.98

0.22

27

3.00

0.24

Dejection

27

2.56

0.26

27

0.71

0.33

Power output – men (w/kg)

20

4.98

0.08

18

5.00

0.10

Power output – women (w/kg)

7

4.33

0.08

9

4.32

0.12
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5.3.2 Physiological Duress
All women in the sample produced an FTP test performance that was above the
minimum standard for elite national level athletes of 4.20 w/kg (M = 4.32, SD = 0.11). All
men in the sample also produced an FTP performance above the minimum national standard
level of 4.90 w/kg (M = 4.99, SD = 0.09). This suggests that the endurance cyclists all
performed the FTP test above the national level and that the second Stroop task performed
immediately after the FTP test was performed under physiological duress. There was no
significant difference in FTP performance between those in the positive imagery condition (M
= 4.74, SD = 0.40) and those in the negative imagery condition (M = 4.77, SD = 0.38), t(1, 52)
= 0.30, p = 0.765, d = 0.08. This indicates both conditions produced similar physiological
performances and that any differences in post-FTP Stroop performance cannot be attributed to
differences in physiological duress between conditions.
5.3.3 Decision Making
The results from the main analyses are depicted in Figure 5.1. Findings from the
repeated measures ANCOVA, with age and gender included as co-variates, showed a nonsignificant interaction between condition and time on Stroop performance, F(1, 52) = 15.53, p
= 0.126, η2 = .04. There was a significant main effect for time on Stroop performance from
pre-FTP (M = 15.67, SD = 2.40) to post-FTP (M = 17.41, SD = 2.87), F(1,52) = 37.04, p <
.001, η2 = .42, indicating that performance on the Stroop task improved in the sample as a
whole (probable learning effect). There was a non-significant main effect of imagery
condition on Stroop performance between the positive imagery condition (M = 16.76, SD =
2.37), and the negative imagery condition (M = 16.31, SD = 2.10), F(1,52) = 0.45, p = 0.505
η2 = .01. These results show that Stroop performance under physiological duress was not
affected by the emotions reported alongside motivational-general arousal imagery. Follow-up
magnitude-based inference testing showed a likely negligible or trivial difference in Stroop
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scores between the negative and positive imagery conditions, with the likelihood of the true
value of the effect statistics being 20.2% positive, 1.7% negative, and 78.1% negligible or
trivial (90% CI = 0.2). In other words, the effect size difference between the positive and
negative emotion conditions is most likely trivial.

Mean Stroop Task Score

25

20

15

10

5
Pre FTP

Post FTP
Time of Stroop Task

Figure 5.1. Mean Stroop score pre- and post-FTP test in the negative (dashed line) and
positive (solid line) imagery conditions (error bars indicate one standard deviation).

5.4 Discussion
This experiment tested the effect of motivational-general arousal imagery on decision
making performance under physiological duress in elite endurance cyclists. The experimental
manipulation was successful with cyclists assigned to the negative imagery condition
reporting higher levels of dejection and lower levels of happiness than those assigned to the
positive imagery condition. However, there was no significant difference between the two
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conditions in decision-making performance (scores on the colour word match Stroop test).
Therefore, we are unable to confirm our original prediction that elite cyclists assigned to a
positive motivational-general arousal imagery condition would perform better in a decision
making task than elite cyclists assigned to a negative motivational-general arousal imagery
condition. The findings suggest that while motivational-general arousal imagery might be a
useful method to induce positive emotions, it is unlikely to improve cognitive performance in
performance-relevant conditions.
The finding that positive motivational-general arousal imagery was effective in
inducing positive emotional states, but was ineffective in enhancing decision making
performance, is consistent with previous research that found enhancing positive affective
states (using a combination of positive imagery [unspecified type], music, crowd noise, and
positive feedback) was ineffective in improving the decision making performance of team
handball players (Laborde & Raab, 2013). This finding also complements previous research
that has found evidence that cognitive general imagery (imagery that involves mentally
rehearsing performance strategies) can improve decision making performance in curling
(Stewart & Hall, 2016, 2017). Taken together, it would appear that imagery targeting the
emotional aspects of performance is less adept at enhancing decision making than imagery
targeting the rehearsal of important performance strategies. Nevertheless, the finding that
negative emotions are unlikely to disrupt cognitive performance under duress is an important
development with potential practical implications. Because athletes experiencing negative
emotions are no more likely to make inaccurate decisions than those experiencing positive
emotions, cycling coaches might consider educating cyclists about the high performance
outcomes that can be maintained under these conditions.
There are theoretical reasons to expect emotions to disrupt or enhance decision
making in performance contexts (Derakshan & Eysenck, 2010; Lerner et al., 2015) and the
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non-significant findings identified in this experiment could be due to a number of factors in
experimental design. For example, we elected to manipulate general affective states rather
than discrete emotions and it is possible that decision making performance responds to
particular emotions such as anxiety. Indeed, negative emotions do not always relate to poor
performance in sport (Allen et al., 2013; Woodman et al., 2009) and anxiety in particular is
important for attentional processes in sport (Eysenck & Wilson, 2016; Masters & Maxwell,
2008). Future research might look to manipulate discrete emotions (such as anxiety) rather
than general affective states to further test the importance of positive and negative emotion for
decision making under physiological duress. Moreover, researchers might consider exploring
mediating effects such as attentional biases (towards positive or negative stimuli) that are
predicted to connect anxiety to attentional processes in sport (see Eysenck & Wilson, 2016).
The finding that motivational-general arousal imagery appeared to be successful in
inducing positive and negative emotional states is consistent with previous research in male
rugby union players (Mellalieu et al., 2009). The successful manipulation of emotion might
be considered an important finding in its own right. To date, researchers have not tested or
identified any successful approaches to enhancing positive emotion in elite cycling samples
(see Spindler et al., 2018) and motivational-general arousal imagery would appear a useful
method of facilitating positive affective states in world-class endurance cyclists. However, it
is important to note that emotions were explored as a manipulation check only and were only
assessed at a single time point in the current experiment. Some caution should therefore be
emphasised as it is likely that cyclists were aware that the imagery scripts were designed to
elicit these particular emotions and might have adjusted their emotional scoring accordingly.
This response bias is well known in psychological science (participants often try to please
their experimenters in research settings) and might explain the particularly large effect size
differences in emotion between conditions.
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Strengths of this experiment include the elite nature of the sample, the multiple
manipulation checks, and an experimental procedure that induced high physiological duress
similar to performance conditions in which elite cyclists are often required to make important
decisions. However, there are some limitations that must be considered when interpreting
research findings. First, the use of the colour-word Stroop task as a proxy measure of decision
making might not necessarily reflect the real-world decision making processes often faced by
elite endurance cyclists. The use of both the congruent and incongruent conditions in the
Stroop test captures inhibitory control, automatic processing, cognitive flexibility as well as
reaction time and selective attention (Yanagisawa et al., 2010), and is therefore a useful proxy
measure of decision making performance (Spindler et al., 2017). Second, because of
limitations related to access to the elite sample and timeframes in which to explore cognitive
performance under physiological duress in such as sample, several compromises had to be
made in terms of study design. Because of the 60 second window in which to explore
cognition under duress, we could only include a single outcome measure (60 second Stroop)
that was not capable of separating different components of decision making (speed and
accuracy). This could also be considered a strength of the research as there was no
opportunity for p-hacking (see Simmons, Nelson, & Simonsohn, 2011).
Future research might consider separate outcomes for reaction time and error (for both
the congruent and incongruent conditions) and also consider alternative outcome measures
such as the emotional Stroop task. The demanding nature of data collection in this sample
also meant that we could not incorporate more complex research designs such as having
participants complete both conditions or include an additional control group (no emotion
manipulation). The sample size also meant that we could not use statistical tests such as
equivalence testing that might better test experimental hypotheses but require greater
statistical power. We recommend replication studies of this experiment using larger sample
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sizes and alternative research designs. Subsequent research might also look to develop and
validate a cognitive task paradigm that more closely reflects the decision making processes
faced by elite endurance cyclists (e.g., intuitive and deliberate decisions in cycling).
To conclude, this experiment provides initial evidence that motivational-general
arousal imagery does not affect the decision making performance of elite endurance cyclists
when placed under physiological load. The experimental manipulation of emotion appeared to
be successful and therefore the findings do have meaning and potential practical implications.
In particular, the findings indicate that athletes experiencing negative emotions under
physiological duress are no more likely to make poor or inaccurate decisions than those
experiencing positive emotions. This information might be of interest to coaches, and to the
elite athletes themselves, to reflect on when they are experiencing negative emotions in
physically demanding performance conditions. Future research might look to explore discrete
emotional states and use alternative measures of cognitive performance to further understand
the role of emotions in the performance of elite endurance athletes.
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Reflections on Chapter 5 and Foreword to Chapter 6
The findings of Chapter 4 indicate that imagery-induced emotional states do not affect
decision making performance of elite cyclists placed under physiological load. As the results
of Chapter 5 indicate that emotions do not have a major role in decision making performance,
the decision was made to switch focus and investigate other processes that might be involved
in decision making performance of elite endurance cyclists. In particular, a research project
that was completed prior to the start of the current program of research (completed in partial
fulfilment of the requirements for the degree of Bachelor of Psychological Science – honours)
found that manipulating implicit beliefs about decision making ability was an effective way to
improve decision making performance in elite endurance cyclists (Spindler, Allen, Vella, &
Swann, 2017). Therefore, the decision was made to revisit implicit beliefs and investigate the
conditions under which implicit beliefs might be more or less important for decision making
under physiological duress.
One important factor for performance in elite cycling is glucose supplementation
(Juekendrup, 2014), and glucose has been found to moderate the effects of implicit beliefs on
cognitive performance in academic settings (Job et al., 2013). In athletic samples, ingestion of
glucose has been shown to increase several executive functions such as processing efficiency
and reaction times (Grego et al., 2004). Glucose is regularly used in endurance cycling as an
energy source to improve athletic performance (Jeukendrup, 2010) and findings from Chapter
3 showed that glucose supplementation was often used as a trigger “to go”. In other words,
glucose ingestion was used as a decision making cue among elite cyclists. The aim of the
second experiment was to investigate whether glucose supplementation moderates the effects
of implicit belief on decision making performance using a similar research methodology to
Chapter 5 and previous research conducted by Spindler et al. (2017). What follows is the most
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recent version of a manuscript (excluding abstract and reference list) that is currently under
review for publication at the Journal of Sports Sciences.
CHAPTER 6: Implicit Beliefs and Decision Making Performance in Elite Endurance
Cyclists: The Moderating Role of Glucose Ingestion
6.1 Introduction
The outcome of an endurance cycling event can often be decided by an athlete’s
ability to make correct decisions in critical moments when under severe physiological duress
(Faria, Parker, & Faria, 2005a). The critical time for decision making is towards the end of a
competitive race when the athlete is under substantial physiological load, performing at submaximal power outputs, and often in a glycogen deficient state (Faria, Parker, & Faria,
2005b). It is therefore unsurprising that coaches and sport practitioners are searching for ways
to improve decision-making performance among the world’s elite sporting talent. Two
methods that have been identified as effective in enhancing decision making performance is
to ingest glucose (see Orquin & Kurzban, 2016) and to adopt an implicit belief in which
decision making is viewed as non-limited in nature (Spindler, Allen, Vella, & Swann, 2017).
The current experiment sought to test whether glucose ingestion moderates the effect of
implicit beliefs on decision making performance in an elite athletic sample.
Implicit beliefs are contained or intrinsic cognitive constructs regarding the nature of
individual abilities (Dweck, Chiu, & Hong, 1995) that manifest as systematic assumptions
about a range of factors including intelligence, personality and decision making (Dweck,
2006). The theory considers that people hold one of two basic implicit beliefs: entity beliefs or
incremental beliefs. In terms of decision making, individuals with high entity beliefs believe
that decision making ability is fixed and inflexible, whereas those with high incremental
beliefs believe that decision making ability is malleable and can be improved through effort
and practice (Dweck & Leggett, 1988). Entity beliefs are associated with maladaptive
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responses such as decreased motivation and withdrawal, whereas incremental beliefs are
associated with adaptive responses such as increased effort and perseverance (Dweck &
Leggett, 1988).
Implicit beliefs research has generally assessed beliefs for a given trait as either
malleable or fixed. However, building on research into the strength model of self-control
(Baumeister, Bratlavsky, Muraven, & Tice, 1998; for sport performance focused reviews, see
Englert, 2016, 2017) recent work has shifted focus from incremental and entity beliefs to
consider implicit beliefs as being either limited or non-limited in nature (Job, Dweck, &
Walton, 2010; Job, Walton, Bernecker, & Dweck, 2015). The belief that cognitive resources
are limited is analogous to an entity belief and is associated with maladaptive outcomes such
as poor self-control and decreased cognitive performance. In contrast, the belief that cognitive
resources are non-limited is analogous to an incremental belief and is associated with adaptive
outcomes such as better self-control and increased cognitive performance (Job et al., 2010;
Job et al., 2015). In line with this new direction in research, the current experiment
conceptualises implicit beliefs about decision making as either limited or non-limited.
In competitive sport, evidence is starting to accumulate to suggest that implicit beliefs
are important for athletic performance (Jowett & Spray, 2013; Shaffer, Tenenbaum, &
Eklund, 2015; Spray, Wang, Biddle, Chatzisarantis, & Warburton, 2006; for a meta-analysis,
see Vella, Braithwaite, Gardner, & Spray, 2016). Of particular relevance to the current study,
an experimental test of 54 elite cyclists found that those induced to believe that decision
making ability was a limited resource showed a decrease in decision making performance,
whereas those manipulated to believe decision making ability was a non-limited resource
showed an increase in decision making performance, following a functional threshold power
test (Spindler et al., 2017). Similar findings have also been observed in non-athletic samples,
albeit without the manipulation of physiological duress (Job et al., 2010). These findings
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suggest that implicit beliefs regarding decision making ability can be manipulated in an elite
sporting sample and that such manipulation can alter decision making performance while
under sub-maximal physiological load.
Elite endurance athletes routinely use glucose supplementation as an energy source
during competition and research has demonstrated that glucose ingestion is associated with
improved athletic performance (Jeukendrup, 2010). Indeed, cyclists have been found to
maintain their cadence better towards the end of a 5 h cycling trial after ingestion of glucose
(Jeukendrup et al., 2006) and cyclists exercising for 2 h on a cycle ergometer (at 54% O2
max) improved their power output by 10% when they ingested a glucose drink (Currell &
Jeukendrup, 2008). An intriguing finding in recent years is that the short-term ingestion of
glucose can improve a variety of cognitive and self-regulatory functions including episodic
memory, information processing, attention and self-control (Hoyland, Lawton, & Dye, 2008;
Smith et al., 2011). Moreover, glucose ingestion has been found to affect decision making
performance in some performance contexts (Orquin & Kurzban, 2016) and is likely to be
important for decision making performance in elite endurance cycling.
Other research has explored glucose in the oral cavity independent of glucose
ingestion. Endurance cyclists have been found to improve their performance on a cycle time
trial when rinsing their mouths with a 6.4% glucose solution compared with a placebo
containing saccharin (Chambers, Bridge, & Jones, 2009). Research has also found that
glucose in the oral cavity counteracts the deleterious effects of self-control depletion (Hagger
& Chatzarantis, 2013). This line of research proposes that a central (perceptual response
within the brain) rather than a metabolic (metabolism of glucose) process might be
responsible for glucose enhancing effects, and that the mere presence of glucose in the oral
cavity might be sufficient to increase cognitive processing (Hagger & Chatzarantis, 2013).
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Research has started to explore how implicit beliefs might work alongside glucose
ingestion to influence cognitive resources. This was the focus of a series of experiments on
willpower in undergraduate students (Job, Walton, Bernecker, & Dweck, 2013). In this
research, it was found that only students who viewed willpower as limited and easily depleted
exhibited improved self-control after glucose ingestion. Students who viewed willpower as
plentiful (a non-limited resource) showed no benefits from glucose ingestion and exhibited
high levels of self-control with or without glucose supplementation (Job et al., 2013). The
authors recommended that future research test whether implicit beliefs moderate the effects of
glucose ingestion on cognitive resources in important real-world settings.
The current experiment aimed to build on these new developments in implicit belief
research and test whether beliefs about decision making ability (as being either limited or
non-limited in nature) moderates the effect of glucose ingestion on decision making
performance in an elite athletic sample. Moreover, the experiment aimed to offer high
ecological validity to findings through the sampling of elite cyclists (where glucose ingestion
for performance is routine) and experimentally induce physiological duress (common in elite
sport) where cognitive resources and blood glucose levels are likely to be depleted. In line
with previous research (Job et al., 2013), we hypothesised that (a) ingestion of glucose would
be associated with improved decision making performance, compared to non-ingestion of
glucose, (b) cyclists manipulated to view decision making ability as a non-limited resource
would show improved decision making performance, compared to cyclists manipulated to
view decision making ability as a limited resource, and (c) that ingestion of glucose would be
associated with greater improved decision making performance if cyclists were manipulated
to view decision making ability as a limited resource.
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6.2 Method
6.2.1 Participants
Sample size was determined using conservative estimates in the statistical program
GPower 3.0 (Faul, Erdfelder, Lang, & Buchner, 2007), for a repeated measures ANOVA
using within-between interactions. Based on previous research (Job et al., 2010), we
estimated an effect size (f) of .25 and stipulated an alpha error probability of 0.05 and desired
power of 0.95. Results showed that a total sample of 76 participants (19 per group) was
required. In total, 76 elite endurance cyclists, comprising 54 men (Mage = 26.39 ± 3.49 years)
and 22 women (Mage = 25.95 ± 5.22 years) agreed to participate in the experiment. The
sample included nine World Champions (with 23 national titles at various age categories) and
29 cyclists having won a medal at a national level competition. Thirty-nine cyclists had won
state titles at various disciplines of endurance cycling. Overall, the sample ranged from
“competitive elite” to “successful elite” according to standard definitions (Swann, Moran, &
Piggott, 2015).
6.2.2 Materials
6.2.2.1 Decision making. The colour-word match Stroop task (Stroop task) was used
as a proxy measure of decision making. The Stroop task is one of the most frequently used
neuropsychological assessments (Etnier & Chang, 2009). It has been used to measure
executive control, selective attention, information processing speeds, and the ability to inhibit
habitual responses (e.g., Pachana, Thompson, Marcopulos, & Yoash-Gantz, 2004). The task
was administered on Apple iPad 4th Generation (model number A1366) electronic tablets
using the Brain Test – Stroop Effect application Version 1.1. The application is a modified
version of the original Stroop task (Stroop, 1935). The task involves participants being
presented with the name of a target colour (blue, orange, purple, red, or yellow) in a colour
font that may or may not correspond to the name presented. The task requires the
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identification of the font colour of the word at the top of the screen and the corresponding
name of the word at the bottom of the screen. There are two conditions within the task:
congruent and incongruent. In the congruent condition, the colour name and the font colour
are the same (e.g., the word blue in the font colour blue, with the correct answer being blue).
In the incongruent condition the colour name and the font colour are different (e.g., the word
blue in the font colour red, with the correct answer being red).
The application randomly assigns the congruent and incongruent tasks. The
incongruent condition typically results in lengthier response times due to the response
inhibition required in completing the task. Response inhibition is a higher order function that
is needed to identify the difference between the font and word colour (Brisswalter,
Collardeau, & René, 2002). Moreover, reading the word interferes with identification of the
font colour of the word. Several studies have shown a link between response inhibition and
endurance athletic performance (Salem, Marcora, Hopker, 2018; Van Cutsem, De Pauw, et
al., 2017). Specifically, it has been suggested that an ability to inhibit responses may be a key
componant to human endurance performance (Van Cutsem, Marcora, et al., 2017). The
application assigns one point for a correct answer and deducts one point for a incorrect
answer. The application requires the participant to accumulate the highest score possible in a
60 second period meaning the total score reflects a combination of accuracy and speed. This
application uses both the congruent and incongruent conditions of the Stroop task and as such
is used as a proxy measure of decision making performance. The use both congruent and
incongruent conditions of the Stroop task measures response inhibition, reaction times,
selective attention and executive control. Importantly for this research, it has been shown that
the speed and accuracy (as measured by the Stroop task) is paramount to decision making
performance (Bar-Eli & Raab, 2006). This task was chosen as a proxy measure of decision
making due to a lack of a validated decision making measure in cycling and the need for a
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portable solution due to the elite nature of the sample. The decision making task was
restricted to 60 seconds as research has reported that elite athletes’ heart rate recovers rapidly
and can return to under lactate threshold in 60-90 seconds (Lazic et al., 2017). To ensure that
the cyclists were under physiological duress during the completion of the second Stroop it
was necessary to use the 60 second version of the task.
6.2.2.2 Physiological duress. The functional threshold power test (FTP) protocol
involves a 20 minute sustained cycling interval. The protocol is formulated to obtain an
athletes’ sustainable power for the duration of the 20 minute interval (Wells, Atkinson,
Rossiter, & Marwood, 2014). FTP is correlated with sustainable power at lactate threshold
(Bellinger & Minahan, 2014; Wells et al., 2014). Lactate threshold is a strong predictor of
peak aerobic performance and therefore an index of endurance performance (Faude,
Kindermann, & Meyer, 2009). Physiological duress is the average power output produced for
the duration of the testing protocol.
It is possible to quantify the performance threshold needed to compete at various
athletic standards. By dividing FTP by weight, an athlete’s 20-minute power output to weight
ratio is required to be above 4.9 watts per kilogram (w/kg) for male cyclists, and 4.2 w/kg for
female cyclists, to be considered competitive at elite national level (Coggan, 2001).
Normalisation of the FTP into w/kg accounts for variations in the amount of force a heavier
athlete can produce over a lighter athlete. Elite cyclists routinely complete FTP tests as a
performance indicator. A reduced FTP is indicative high levels of fatigue (Weston, Taylor,
Batterham, & Hopkins, 2014). In the current experiment FTP was recorded by crank-arm
based power meters and collected via a Garmin 520 ANT+ recording device.
The amount of power a cyclist produces can be quantified throughout the pedal stroke
via strain gauges in the bottom bracket of the bicycle. The strain gauges measure the amount
of force applied throughout the pedal stroke at 12 points over one complete revolution of the
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crank arms. A score is derived from the number of revolutions per minute of the crank arms
and the deflection of the strain gauges. This calculation is expressed in watts. Each power
meter was calibrated in accordance with the manufacturer’s instructions prior to testing
(Martin et al., 1998). Different power meters were used due to contractual obligations of the
cyclists and their employers. Participants used the following power meters: Quarq Sram Red
22 PM (model number: 0808) (n = 22), Pioneer SGY-PM9101MR (n = 12), Stages (n = 15)
Power2Max (n = 4), Verve infocrank (n = 11), Schoberer Rad Messtchnik (SRM)
Powercontrol 7 (n = 7), Schoberer Rad Messtchnik (SRM) Powercontrol 8 (n = 5). Power was
recorded at 0.1 second intervals for the 20-minute duration of the FTP test. Power was then
averaged for the 20-minute period to determine the FTP for each participant.
6.2.2.3 Glucose. We used an energy gel glucose supplement that is commonly used
among elite cyclists. The glucose supplement was an IsoWhey Sports energy gel sachet,
tropical flavour (IsoWhey Sports, Sydney, Australia). Each 35 ml sachet contains 416
kilojoules of energy, 25 g of carbohydrate, including 12.2 g of glucose and 12.8 g of
maltodextrin. The complete list of ingredients includes purified water, maltodextrin, glucose,
tropical flavour natural, lemon flavour natural, citric acid anhydrous, guar gum, xanthan gum,
sodium chloride, potassium phosphate, potassium sorbate, Panax ginseng, sodium propionate,
and ubidecarenone (Coenzyme Q10).
6.2.2.4 Implicit beliefs. A measure of implicit beliefs about decision making was
included as a manipulation check. The questionnaire was adapted from previous studies
exploring implicit beliefs about willpower (Job et al., 2010; Job et al., 2015) and has
previously been used as a manipulation check of implicit beliefs (Spindler et al., 2017). The
questionnaire includes six items rated on a 6-point scale from 1 (strongly agree) to 6 (strongly
disagree) with a range of possible scores from six to 36. Items tapped into limited resources
(e.g., “when you have completed a strenuous physical activity, you cannot start a cognitive
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activity immediately with the same concentration because you have to recover your cognitive
resources again”) and non-limited resources (e.g., “when you have been working at a
strenuous physical task, you feel energised and you are immediately able to undertake
difficult cognitive tasks”). Higher scores reflect higher agreement of a non-limited
(incremental) belief about decision making. In the current experiment, the measure showed
good internal consistency (α = .83).
6.2.3 Procedure
The experiment was approved by a university research ethics committee prior to data
collection and all participants provided written informed consent. The testing procedure was
conducted by the lead author and occurred at either a routine performance appraisal arranged
by the cyclists’ performance manager, or at a routine training camp organised by the cyclists’
team. Participants were recruited through contacts of the lead author. Electronic mail and
telephone calls to participants were used to inquire about interest in the study. One of the
researchers works in elite endurance cycling and is known to some of the cyclists and
coaches. Prior to testing, participants were required to complete a general health
questionnaire. Participants with current or pre-existing cardiac abnormalities, colour related
visual impairments or athletes who were currently taking medication affecting blood pressure,
and those with blood sugar related medical conditions were deemed ineligible and not
included in the experiment. Once recruited, no participants chose to be removed from the
study.
Participants first completed an initial Stroop task on an electronic tablet using the
Brain Test – Stroop Test application. Participants were then asked to perform their
individualised warm up protocols using their personal bike fitted to a stationary cycle
ergometer (Wahoo Fitness Kickr Power Trainer+). The use of personal bicycles optimises
performance by removing the variable of a non-practiced and less than optimal cycling
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position, potentially producing lower power outputs while under physiological load
(Silberman, Webner, Collina, & Shiple, 2005; Lun, 2017). An individualised warm up
protocol was chosen to reduce risk of injury (each cyclist has a specific warm up protocol set
out by their individual coaches that has been developed over many years) and the lack of
consensus in the scientific literature regarding optimal individualized warm up procedures
(Muyor, 2017).
Participants were then randomised to one of four experimental conditions using a
randomised number generator. A flow chart of the experimental procedure is provided in
Figure 6.1. In Condition 1 (n = 19), participants were asked to read a short paragraph
explaining that decision making is a limited resource that can be depleted under physiological
load. This condition was given a glucose supplement immediately following the FTP task. In
Condition 2 (n = 19), participants were required to read the same paragraph as Condition 1
but were not given the glucose supplement. In Condition 3 (n = 19), participants were
required to read a short paragraph highlighting that decision making is not a limited resource
that can be depleted under physiological load. In this condition participants were given a
glucose supplement immediately following the FTP task. In Condition 4 (n = 19), participants
were required to read the same paragraph as Condition 3 but were not given the glucose
supplement. Immediately after completing the FTP task (and consumption of glucose), and
while still seated on the bicycle, participants completed the Stroop task for a second time. The
Stroop task was administered immediately after the completion of the FTP task due to safety
concerns regarding the elite sample completing an arduous cognitive task while producing
power outputs above lactate threshold. As such, due to the demands of the physiological
duress protocol reliable data is unlikely to be collected during the final moments of the FTP
testing procedure. Upon completion, cyclists were debriefed and thanked for their
participation.
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Figure 6.1. Flow chart of testing procedure

6.2.4 Statistical Analyses
Independent samples t tests were performed to check that the implicit belief
manipulation was successful, and that physiological duress did not differ between
experimental conditions. A repeated measures analysis of co-variance (ANCOVA), with age
and gender included as covariates, was computed to explore change in decision making
performance from before the FTP task to after the FTP task across conditions (glucose x
implicit belief). Significant effects were followed up using post hoc comparisons of means
within conditions. The data satisfied criteria for parametric analyses and assumptions for
ANCOVA. There was no missing data and all data were normally distributed.
6.3 Results
6.3.1 Manipulation Check
Participants induced to believe that decision making ability is a non-limited resource
(M = 28.76, SD = 3.07) reported a greater belief that decision making can be improved
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through effort than those induced to believe that decision making ability is a limited resource
(M = 10.21, SD = 3.29), t(74) = 25.42, p < .001, d = 5.83. This finding indicates that the
manipulation of implicit beliefs was successful.
6.3.2 Physiological Duress
The female cyclists produced an FTP performance that was above the 4.20 w/kg
minimum standard for national elite level athletes (M = 4.42, SD = 0.12). The male cyclists
also produced an FTP performance that was above the 4.90 w/kg minimum standard for
national elite level athletes (M = 5.09, SD = 0.12). This provides evidence that the cyclists
performed the FTP task to at least national elite level standard. There was no significant
difference in FTP performance between the glucose conditions (M = 4.99, SD = 0.19) and the
no-glucose conditions (M = 4.96, SD = 0.22), t(74) = 0.72, p = .324, d = 0.17, or between the
limited (M = 4.99, SD = 0.16) and non-limited (M = 4.96, SD = 0.25) resource conditions,
t(74) = 0.54, p = .594, d = 0.12. This indicates that all conditions produce similar
performances on the FTP test and that changes in decision making performance (Stroop task)
cannot be attributed to differences in physiological duress between conditions.
6.3.3 Implicit Beliefs and Glucose Ingestion
Findings from the ANCOVA showed a significant main effect for implicit beliefs on
pre-post task performance, F(1, 70) = 20.25, p < .001, 2 = .23. Post-hoc tests showed that
participants manipulated to view decision making as a non-limited resource increased their
decision making performance, t(38) = 6.71, p < .001, d = 0.89, whereas participants
manipulated to view decision making as a limited resource showed no change in decision
making performance, t(38) = 0.31, p = .757, d = 0.07. There was also a significant main effect
for glucose ingestion on Stroop task performance, F(1, 72) = 23.93, p < .001, 2 = .26. Posthoc tests showed that participants given the glucose supplement increased their decision
making performance, t(38) = 5.53, p < .001, d = 1.00, whereas participants not given the
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glucose supplement showed no change in decision making performance, t(38) = 0.62, p =
.542, d = 0.09.
A significant interaction term also showed that the effect of implicit belief on Stroop
task performance was contingent on glucose ingestion, F(1, 72) = 8.26, p = .005, 2 = .11. The
interaction is depicted in Figure 6.2. Post-hoc comparison of means showed that those
assigned to the no glucose condition and who were induced to hold a limited implicit belief
about decision making ability showed a significant decrease in Stroop task performance from
pre (M = 14.84, SD = 2.65) to post FTP test (M = 11.68, SD = 3.86), t(19) = 4.76, p = .002, d
= 0.95. Participants in the glucose condition and who were induced to hold a limited implicit
belief about decision making ability also showed an significant increase in Stroop task
performance from pre (M = 13.74, SD = 2.64) to post (M = 16.42, SD = 3.37) FTP test, t(19)
= 2.72, p = .014, d = 0.88. Those in the no glucose condition and who were induced to hold a
non-limited implicit belief about decision making ability showed a significant increase in
Stroop task performance from pre (M =15.95, SD = 3.66) to post (M = 18.32, SD = 3.73) FTP
test, t(19) = 3.72, p = .002, d = 0.64. Those in the glucose condition who were induced to
hold a non-limited belief about decision making ability showed a significant increase in
Stroop task performance from pre (M = 14.89, SD = 3.76) to post (M = 18.74, SD = 2.68) FTP
test, t(19) = 5.95, p < .001, d = 1.18.
a)
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Figure 6.2. Pre and post FTP mean Stroop task scores for (a) the non-limited resource
condition for those ingesting glucose (solid line) and those not ingesting glucose (dashed
line), and (b) the limited resource condition for those ingesting glucose (solid line) and those
not ingesting glucose (dashed line). Error bars indicate 95% CIs.
6.4 Discussion
This experiment sought to test whether the benefits of glucose ingestion for decision
making performance would be limited to those who were manipulated to believe that decision
making performance was a resource that could be depleted. Supporting our first hypothesis,
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we found that participants ingesting glucose increased their decision making performance to a
greater extent than those not ingesting glucose. Supporting our second hypothesis, we also
found that participants manipulated to view decision making as a non-limited resource
increased their decision making performance to a greater extent than those manipulated to
view decision making as a limited resource. Last, and supporting our third hypothesis, we
found that when glucose was ingested implicit beliefs were unimportant for decision making
performance (performance increased regardless of implicit beliefs). However, when glucose
was not ingested, a limited implicit belief was associated with a decrease in decision making
performance, whereas a non-limited implicit belief was associated with an increase in
decision making performance. These findings highlight the importance of implicit beliefs in
naturalistic conditions where cognitive resources and blood glucose levels are likely to be
depleted.
The finding that ingestion of glucose was associated with a large effect size increase in
decision making performance, compared to the non-ingestion of glucose, is consistent with
previous research in athletic (Boat, Taylor, & Hulston, 2017) and non-athletic (see Orquin &
Kurzban, 2016) samples that has demonstrated beneficial effects of glucose supplements on
various cognitive functions. Elite athletes routinely use glucose supplements as a method of
boosting athletic performance and our findings provide important new information that elite
cyclists’ decision making performance under physiological duress improves following the
ingestion of glucose. Moreover, the most crucial time for decision making in athletic
competitions is near the end of competitions when blood glucose levels are low and fatigue is
high (see Jeukendrup, 2010). The implication of this finding being that elite cyclists should
ingest glucose near the end of competitions when under physiological duress to improve their
chances of making quicker or more correct decisions.
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The finding that decision making performance increased to a greater extent in the nonlimited resource condition, compared to the limited resource condition, is also consistent with
previous research in athletic (Spindler et al., 2017) and non-athletic (Job et al., 2010; Job et
al., 2015) samples. The large effect size detected is important because it suggests that decision
making performance can be manipulated through simple verbal communication that helps to
induce a non-limited implicit belief about decision making ability. In elite cycling, as in many
sports at the elite level, cyclists do not have direct communication with their coaches during a
race. The implication being that coaches (or sport psychologists) should train cyclists to
consider that decision making ability is a non-limited resource as part of their preparation
before important competitions. However, the long-term effect of implicit belief manipulation
in elite athletes remains untested and is an important direction for future research.
The main finding of this experiment was that implicit beliefs were largely unimportant
for decision making when cyclists had ingested glucose. However, when cyclists had not
ingested glucose, non-limited beliefs were associated with an increase in decision making
performance whereas limited beliefs were associated with a decrease in decision making
performance. This medium effect size interaction effect extends previous research findings in
student samples that showed the beneficial effects of non-limited beliefs about willpower
were contingent on the ingestion of glucose (Job et al., 2013). Our experiment provides
important ecological validity to this finding through the use of an elite athletic sample that
routinely uses glucose supplements as a performance enhancer, and an experimental design
that simulated conditions similar to those in which cognitive performance and blood glucose
levels are often depleted.
The design of our experiment, in which glucose was ingested immediately before the
second Stroop task, would indicate that the effects of glucose ingestion reflect a perceptual
response within the brain rather than a metabolic process (see Hagger & Chatzarantis, 2013),
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given that there was insufficient time for the body to have metabolised the glucose
supplement. However, because this was not a placebo controlled trail we cannot be certain
that the effects of glucose do not represent a psychological (placebo) effect. In other words,
the athletes in the glucose conditions might expect the ingestion of glucose to enhance their
Stroop task performance and it is this belief, rather than the presence of glucose in the oral
cavity, that is contributing to differences in decision making performance. In light of this
study limitation, we recommend future research include a placebo control condition.
Researchers might also look to identify other processes through which glucose might exert its
effect on decision making performance under physiological duress.
Strengths of this experiment include the high ecological validity of the setting (a
functional FTP power test), the elite nature of the sample, and the use of a glucose
supplement common to the sample. However, there are also some notable shortcomings that
readers must consider when interpreting study findings. First, the use of the colour wordmatch Stroop as a proxy measure of decision making does not necessarily reflect the types of
decisions (or cognitive processes) that elite cyclists experience during competition. Our
decision to use this test was based on not having a validated sport-specific measure of
decision making in professional cycling. Future research might look to design cognitive tests
that more accurately capture the mental processes that elite athletes routinely experience in
competition. A second limitation is that it was not possible to implement a design in which
the cyclists complete the second Stroop task during or near the end of the FTP test. In
naturalistic competitive situations, cyclists make their decisions during exercise and not
immediately after exercise. However, the FTP test protocol requires an athlete to give a
maximal effort for the duration of the test and acquiring reliable data while the athlete is at
maximal intensity for the duration was not feasible within this design. As such, it was deemed
too dangerous for an elite sample to adjust their focus to a computer screen while cycling at
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maximal capacity. Nevertheless, the cyclists were still under physiological duress during the
completion of the second Stroop task.
To conclude, this experiment provides evidence that ingestion of glucose and nonlimited implicit beliefs are beneficial to elite cyclists’ cognitive performance under
physiological duress, but that the beneficial effects of non-limited implicit beliefs is limited to
those who did not ingest a glucose supplement. The findings of this experiment might be of
interest to coaches and sport psychologists. To improve decision making performance in
competitive situations where physiological duress is high (and glucose supplements
unavailable), coaches should encourage athletes to understand that decision making is a nonlimited resource. By facilitating a non-limited implicit belief about decision making ability, it
might be possible to improve in-competition decision making that ultimately results in
enhanced athletic success. We recommend subsequent research aim to replicate these findings
in alternative athletic samples, and using a placebo control condition, to further understand
the processes through which glucose and implicit beliefs affect athletic performance.
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Reflections on Chapter 6 and Foreword to Chapter 7
Chapter 6 showed that when glucose was not ingested, a limited belief was associated
with a decrease in decision making performance, whereas a non-limited belief was associated
with an increase in decision making performance. However, when glucose was ingested,
decision making performance increased regardless of implicit beliefs. Because glucose
ingestion tends to overpower implicit beliefs it was decided to explore the role of glucose in
more detail in the final experiment. In the previous experiment, the timing of the glucose
ingestion (immediately prior to the Stroop task) indicates that the benefits of glucose could
not have been due to a metabolic response to the glucose (as there was insufficient time for
the glucose to metabolise) but might have been due to sweetener receptors in the oral cavity
activating glucose sensing dopaminergic pathways in the brain. However, it might also be the
case that glucose exerts its influence through a simple placebo effect. The following
experiment follows the recommendations of Chapter 6 and investigates the role of glucose
supplementation vs. placebo supplementation on decision making performance using a similar
methodology to Chapter 5 and Chapter 6. What follows is the most recent version of a
manuscript (excluding abstract and reference list) that is currently under review for
publication at the Journal of Experimental Psychology – Applied.
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CHAPTER 7: The Effect of Glucose Supplementation on Decision Making Performance
in Elite Endurance Cyclists: A Double-Blind Placebo Controlled Trial
7.1 Introduction
The outcome of an elite endurance cycling competition is often determined by the
cyclists’ ability to make critical race-defining decisions when under severe physiological load
(Allen, 2017). A critical timeframe for decision making is near the finish of a race and when
cyclists are producing sub-maximal power outputs and therefore under physiological duress
and often in a glycogen depleted state (Faria, Parker, & Faria, 2005a). It has been suggested
that successful endurance cyclists need to possess the strength of a mountaineer, the physical
endurance of a marathon runner, and the cognitive abilities and decision making skills of a
Formula 1 driver (Beedie, 2012). It is therefore unsurprising that coaches and sports scientists
are invested in finding ways to improve decision making performance of endurance cyclists.
One mechanism that has been shown to improve cognitive performance is glucose ingestion
(Orquin & Kurzban, 2016; Smith, Riby, van Eekelen, & Foster, 2011). However, the benefits
of glucose for cognitive performance might be task dependent (Brandt, Gibson, & Rackie,
2013) and it is unclear whether glucose provides benefits over an active placebo in contexts
that mirror real-world competitive conditions. The aim of this experiment was to test whether
glucose ingestion improves cognitive performance in an elite athletic sample when placed
under submaximal physiological load.
Elite endurance cycling requires athletes to perform at their psychological peak when
under severe physiological load (Spindler, Allen, Vella, & Swann, 2018). Elite cyclists are
required to endure a high work-load for extended periods of time during major tour weeks
such as the Giro d’ Italia, the Tour De France, and the Vuelta a Espana (Faria, Parker, &
Faria, 2005b), and good decision making under physiological duress might be a defining
factor for success in elite endurance cycling (Spindler et al., 2018). Indeed, a recent study
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investigated elite cyclists’ decision making performance under physiological duress and
found that manipulating cyclists’ beliefs about decision making ability affected their decision
making performance (Spindler, Allen, Vella, & Swann, 2017). These initial findings in elite
level endurance cyclists highlight the importance of beliefs for cognitive performance under
duress (where blood glucose levels are likely to be depleted). However, it remains unclear
whether elite cyclists’ cognitive performance under physiological duress might differ as a
function of glucose ingestion.
The use of glucose supplementation as an energy source is common in endurance
sports and research has demonstrated an improvement in athletic performance after glucose
ingestion. For example, well-trained endurance cyclists’ 40 km time trial performance
improved by 2.3% after carbohydrate-electrolyte solution ingestion (Jeukendrup et al., 1999)
and cyclists exercising for a two hour period on a cycle ergometer (at 54% VO2 max) who
had ingested a glucose drink improved their power output by 10% compared to those who
ingested a placebo (Currell & Jeukendrup, 2008). This evidence suggests a large ergogenic
effect of glucose supplementation on cycling performance. In addition to physical
performance, glucose ingestion has also been found to affect decision making (Orquin &
Kurzban, 2016). For example, low levels of blood glucose increase the tendency to make
more intuitive (rather than deliberate) decisions in situations unrelated to food (Orquin &
Kurzban, 2016). Moreover, glucose has been shown to improve Stroop task performance
where key components of decision making (such as response time and response inhibition)
are implicated (Brandt, Gibson, & Rackie, 2013; De Pauw et al., 2015). This suggests that
glucose ingestion is an important factor in decision making performance.
Research has considered whether ingestion of glucose is required in order to observe
facilitative effects on outcomes, or whether glucose in the oral cavity (without ingestion)
might be sufficient. Results have suggested that, at least for short duration exercise, glucose
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mouth rinsing produces outcomes similar to glucose ingestion (Chong, Guelfi, & Fournier,
2014). Indeed, studies have shown that mouth rinsing with a simple carbohydrate solution
improves self-paced cycling time trial performance and running performances (Carter et al.,
2005; Chambers et al., 2009; Rollo et al., 2015). The presence of glucose in the oral cavity
has also been found to counteract the detrimental effects of self-control depletion (Hagger &
Chatzarantis, 2013). This suggests that a central (perceptual cognitive response) rather than a
metabolic (metabolism of glucose) process might be responsible for the improved cognitive
control attributed to glucose (Hagger & Chatzarantis, 2013). Nevertheless, it remains unclear
whether the benefits of glucose mouth rinsing are due to sweetener receptors in the oral cavity
activating brain responses or reflects a simple placebo effect.
The brain regions activated when glucose is ingested have been observed in several
studies (Chambers et al., 2009; Smith et al., 2011). These include the anterior cingulate
cortex, primary taste cortex, orbitofrontal cortex, the left and right dorsolateral prefrontal
cortex, and the ventral striatum (Chambers et al., 2009). These areas are thought to be
activated by glucose sensing dopaminergic pathways in the brain (Doya, 2008). Of relevance
to the current study, some of these areas of the brain are also activated when people complete
the colour word match Stroop task (Carter, Mintum, & Cohen, 1995; Schroeter et al., 2002;
Yanigasawa et al., 2010). The brain areas activated by the colour word match Stroop are the
anterior cingulate cortex, ventromedial prefrontal cortex and the left and right dorsolateral
prefrontal cortex. These regions have a role in cognitive responses such as reward behaviour
(Potenza et al., 2003), mood (Basso & Suzuki, 2017), and decision making (Clark, Cools, &
Robbins, 2004; Rogers, 2011). If glucose in the oral cavity activates brain regions important
for decision making, then full metabolism of glucose might not be necessary to observe
cognitive benefits, and cognitive benefits should be observed immediately after consumption.
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The current experiment aimed to test the effects of glucose ingestion on decision
making performance (Stroop task) under physiological load. Moreover, the experiment aimed
to test whether decision making performance of elite endurance cyclists (who regularly use
glucose supplementation for performance) differs after the ingestion of a glucose solution
compared to ingestion of an active placebo. The experiment tests these effects immediately
following experimentally induced physiological duress (to simulate performance conditions
similar to the end of a competitive race) where cognitive resources and blood glucose levels
are likely to be depleted. Increasing knowledge of the factors that affect the decision making
performance has the potential to inform coaching strategies to improve performance during
critical periods of competition. We hypothesised that decision making performance under
physiological duress would be higher after consumption of glucose (glucose condition)
compared to consumption of an active placebo (placebo condition) and water (control
condition). We also hypothesised that decision making performance would worsen under
physiological duress (pre- to post-exercise), but that cyclists in the control and placebo
conditions would show a greater decline in decision making performance compared to cyclists
in the glucose condition.
7.2 Method
7.2.1 Participants
Sample size was determined using conservative estimates in the statistical program
Gpower 3.0 (Faul, Erdfelder, Lang, & Buchner, 2007). We estimated a medium effect size (f)
of .25 and specified an alpha error probability of 0.05 and desired power of 0.95. Results
showed that for repeated measures ANOVA with within-between interactions a total sample
of 84 participants (28 per group) was required. In total, 90 elite endurance cyclists agreed to
participate in the experiment. One participant refrained from further participation after
completing the Functional Threshold Power (FTP) test and requested their data be destroyed,
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and one participant failed to complete the FTP test due to illness and their data were not used.
The final sample included 88 endurance cyclists comprising 48 men (Mage = 24.44 ± 5.01
years) and 40 women (Mage = 24.98 ± 4.01 years). The sample included two World
Champions (with 11 national titles at elite national level) and 21 participants who had won a
medal at a national level. The cyclists were all competing at least at national level and had
achieved success at state or national level. The sample ranged from ‘competitive-elite’ to
‘successful-elite’ according to standard definitions (Swann, Moran, & Piggott, 2015).
7.2.2 Materials
7.2.2.1 Decision making. The colour-word Stroop task was used as a proxy measure
of decision making performance. The task was administered on Apple iPad 4th Generation
electronic tablets (model number A1366) using the Brain Test – Stroop effect Version 1.1
application. The application uses a modified version of the original Stroop task. The
application presents the stimulus by name of target colour (orange, purple, yellow, red or
blue) in a colour font that may or may not correspond with the name presented. The task
requires the identification of the target word font colour presented at the top of the screen to
match the corresponding name of the word regardless of the font colour at the bottom of the
screen. Two conditions are used within the application: congruent and incongruent. In the
congruent condition, the colour name and the font colour are the same (i.e., the word red in
the font colour red, the correct answer being red). The incongruent condition consists of the
colour name and font colour not matching (i.e., the word red in the font colour blue, the
correct answer is blue).
The congruent and incongruent conditions are randomly assigned by the application.
The incongruent condition typically increases the amount of time needed to answer due to the
inhibitory control required in completing the task (Brisswalter, Collardeau, & René, 2002).
Inhibitory control is an executive function that is needed to identify the difference between
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the font and colour (Brisswalter, Collardau, & René, 2002). Specifically, the reading of the
word interferes with the identification of the font colour due to their incongruence. The
application assigns one point for a correct answer and deducts one point for an incorrect
answer. The participant is required to accumulate the highest score possible in a 60 second
period. The total score denotes a combination of speed and accuracy. The cyclists were
instructed to complete their responses as quickly and accurately as possible. The Stroop task
was restricted to 60 seconds as research has found that elite endurance athletes’ recover
rapidly and can return to below maximum state lactate threshold in 60-90 seconds often
exercise (Lazic et al., 2017). As such, it was necessary to use the 60 second version of the
Stroop task to ensure the cyclists completed the second Stroop task while still under
physiological duress from the exercise.
7.2.2.2 Physiological duress. The functional threshold power (FTP) testing protocol
consists of a sustained cycling effort for 20 minutes. The protocol was formulated to obtain
athletes’ sustainable power output for the duration of the 20-minute interval (Wells, Rossiter,
& Marwood, 2014). While the task demands a sub-maximal effort over the duration of the
interval, the task is highly demanding and requires an all-out effort towards the conclusion of
the interval to produce the highest output possible. FTP is correlated with sustainable power
output at Maximal Lactate Steady State (MLSS; Allen, 2017). The MLSS has been used to
determine the highest intensity (MLSS intensity) that can be maintained over time without
continuous blood lactate accumulation (Billat, Sirvent, Koralsztien, & Mercier, 2003). MLSS
is a strong indicator of aerobic capacity and therefore an index of endurance performance
(Burtscher, Nachbauer, & Wilber, 2011). This testing procedure has physiological similarities
of the finish of a one-day race from a solo break away, a mountain top finish, or the effort
required in a prologue time trial. In the current experiment, physiological duress was
quantified by the average power output produced for the duration of the testing protocol.
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It is possible to calculate the performance threshold required to compete at various
athletic standards of endurance cycling. By dividing FTP by weight, an athlete’s 20-minute
sub-maximal power output to weight ratio is required to be above 4.9 watts per kilogram
(w/kg) for a male endurance cyclist, and 4.2 w/kg for female endurance cyclists, to be
considered competitive at a national elite standard (Coggan, 2001). The normalisation of FTP
into w/kg accounts for variations in force a heavier athlete can produce over a lighter athlete.
The completion of FTP tests as a performance measure by elite endurance cyclists occurs at
regular intervals throughout the season. A decrease in FTP has been shown to be indicative of
increased fatigue levels (Weston, Taylor, Batterham, & Hopkins, 2014). The current
experiment recorded FTP via crank-arm based power meters and recorded data on Garmin
820 ANT+ recording devices.
The power produced by a cyclist throughout the pedal stroke can be quantified using a
series of strain gauges located in the bottom bracket of the bicycle. Force throughout the pedal
stroke is measured by the deflection of 12 different strain gauges located at different points
over the complete revolution of the crank arms. A measurement is derived from the number of
revolutions per minute of the crank arm and the deflection of the strain gauges (expressed in
watts). Each power meter was calibrated according to manufacturers’ specifications prior to
testing (Martin et al., 1998). Due to contractual obligations of the cyclists, different power
meters were used: Quarq Sram Red 22 PM (model number: 0808) (n = 31), Verve infocrank
(n = 23), Pioneer SGY-PM9101MR (n = 9), Stages (n = 7), Schoberer Rad Messtchnik (SRM)
Powercontrol 8 (n = 5), Power2Max (n = 5), Schoberer Rad Messtchnik (SRM) Powercontrol
7 (n = 4), Rotor INpower 3D+ (n = 4). All power meters were set to record at 0.1 second
intervals for the duration of the 20-minute FTP test. Power was then averaged for the 20minute period to determine the FTP for each participant.
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7.2.2.3 Solutions. The glucose supplement was a premixed 200 ml lemon-lime sports
drink containing 209 kilojoules of energy, 11.6 g of carbohydrate, comprising 7.8 g of sucrose
and 3.8 g of glucose, yellow in colour. The complete list of ingredients includes purified
water, sucrose, glucose, potassium citrate, magnesium sulphate, calcium chloride, sodium
citrate, sodium chloride, potassium phosphate, artificial colouring and citric acid. The placebo
solution consisted of 200 ml of lemon-lime flavoured sports drink containing 10 kilojoules of
energy, 0.2 g of carbohydrate, yellow in colour. This solution contained the artificial
sweetener sucralose. The complete list of ingredients for the placebo condition includes
purified water, citric acid, sodium citrate, sodium chloride, artificial flavourings, sucralose
and artificial colouring. The glucose and placebo condition solution were pilot blind taste
tested prior to the experiment being conducted. The pilot testing participants could not
determine a taste difference between the two solutions. The control condition comprised of
200 ml of purified water.
7.2.3 Procedure
The experiment was approved by a university research ethics committee prior to data
collection and all participants provided prior written consent. The testing procedure was
conducted by the first author and a research assistant was responsible for coding the drinks in
order to ensure double blinding procedure. Participants were contacted through contacts of the
first author. Email and telephone calls were used to inquire about interest in the study.
Participants were required to complete a general health and sporting questionnaire prior to
testing. The questionnaire gathered information regarding hours per week of cycling training,
age, weight, best level of prior athletic achievement, and previous functional threshold power
estimate. Cyclists were deemed ineligible and not included in the experiment if they had preexisting colour related visual impairments, were taking blood pressure medication, had
current or prior cardiac abnormities, self-reported as currently sick or ill, had blood sugar
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related medical conditions, or were under the age of 18. No dietary or standardised
requirements lead in to the study were specified by the researchers to keep the procedure as
close as possible to performance conditions and keep the athletes from getting clued in to the
research paradigm.
Each participant was first required to complete a colour-word match Stroop task. They
were then asked to perform their individualised warm up protocols using their personal
bicycles fitted to a stationary ergometer (Wahoo Fitness Kickr Power Trainer+). An
individualised warm up protocol was chosen to minimise the risk of injury (the elite nature of
the sample means that each athlete had a specific warm up protocol set out by their coaching
staff developed over time) and the lack of consensus in the scientific literature regarding
optimal warm up protocols for elite athletes (Muyor, 2017). The use of personal bikes reduces
injury risk and optimises performance by removing the variable of a non-practiced or suboptimal cycling position, potentially producing lower power output and ergonomic strain
while under physiological load (Lun, 2017; Silberman, Webner, Collina, & Shiple, 2005).
The research assistant then assigned the participant a number corresponding to the doubleblinding randomisation. Each participant was then required to complete the 20 minute FTP
test. Immediately after the FTP test (and while still seated on the stationary bicycle) a solution
was ingested based on the condition assigned. Participants were randomised into one of three
conditions: glucose (n = 29; containing glucose as a sweetener), placebo (n = 30; containing
the artificial sweetener sucralose), or control (n = 29; purified water). The solution was
provided to participants in non-descript opaque bottles similar to bottles used during
competition.
Immediately after ingestion (and while still seated on the stationary bicycle),
participants completed the Stroop task for a second time. The solution was ingested and the
second Stroop task was completed within 90 seconds of finishing the FTP test, and therefore
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the assumption can be made that participants were sufficiently under physiological duress
when completing the task. Upon completion of the testing procedure, and during the warmdown, participants were asked to complete a manipulation check asking if they believed they
had ingested glucose after the FTP test. Cyclists were then debriefed and thanked for their
participation. Participants were then advised to ask the research assistant prior to leaving if
they wanted to know what solution they had ingested. The lead researcher was not in the
room when/if the participant requested knowledge of the solution. The total testing procedure
lasted approximately one hour for each participant.
7.2.4 Statistical Analyses
One way between groups analysis of variance (ANOVA) with age and gender as covariates, was used to test baseline differences in Stroop task performance pre-FTP test
between the experimental conditions. A between groups analysis of variance (ANOVA) was
used to investigate if physiological duress differed between experimental conditions for male
and female athletes. A repeated measures analysis of co-variance (ANCOVA), with age and
gender as covariates, was performed to explore changes in Stroop task performance from preto post-FTP across experimental conditions (glucose, placebo, and control). The data satisfied
the criteria for parametric analysis and assumptions for ANCOVA. Homogeneity of variance
was tested using Levene’s test. Significant effects were followed up using independent
samples t-tests. A bootstrapping procedure (and bootstrapped confidence interval at 95%)
were computed to estimate the standard error of the mean difference (based on 5,000
resamples). Bootstrapped post-hoc tests are more robust and are especially encouraged when
homogeneity of variance is violated (Field, 2013).
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7.3 Results
7.3.1 Manipulation Checks
Every cyclist (100%, n = 29) in the glucose condition reported that they believed the
solution they ingested contained glucose. Furthermore, all cyclists (100%, n = 30) in the
placebo condition also indicated that they believed that the solution they ingested contained
glucose. No participants (0%, n = 29) in the control group stated that they believed the
solution they ingested contained glucose, with each participant stating they believed they had
ingested water.
Female cyclists produced an FTP performance that was above the minimum 4.2 w/kg
standard for national elite athletes (M = 4.28, SD = 0.12). Male cyclists produced an FTP
performance that was also above the minimum 4.9 w/kg national standard (M = 5.00, SD =
0.09). This indicates that both male and female cyclists produced similar performances on the
FTP test above the minimum national elite standard. A repeated measures ANOVA indicated
that there was no significant difference in FTP performance between males assigned to the
glucose condition (M = 5.01, SD = 0.09), placebo condition (M = 5.00, SD = 0.11) or those
assigned to the control group (M = 4.98, SD = .06), F(2, 47) = 0.61, p = .550, η2 = .03. A
repeated measures AVOVA indicated that there was no significant difference in the FTP
performance between females assigned to the glucose condition (M = 4.22, SD = 0.08),
placebo (M = 4.26, SD = 0.09), and those assigned to the control group (M = 4.36, SD = 0.16),
F(2, 39) = 0.74, p = .174, η2 = .02. These findings indicate no differences in power output
between conditions for men or women, and that all conditions showed similar performances
on the FTP test and that any differences in post-FTP Stroop task performance cannot be
attributed to differences in physiological duress (fatigue) between conditions.
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7.3.2 Main Effects
Results showed no significant difference in pre-FTP Stroop performance between
conditions F(2, 85) = 0.12, p = .884, η2 = .00. For the main ANCOVA, there was a significant
interaction effect for time (pre-post) and condition (drink consumed), F(2, 85) = 3.65, p
= .030, η2 = .08. This interaction is depicted in Figure 7.1. Post-hoc testing revealed that
participants in the glucose condition significantly improved Stroop task performance from
pre-FTP test (M = 15.14, SD = 2.92) to post-FTP test (M = 17.69, SD = 3.56), t(28) = 6.30, p
< .001, d = 0.76. Those in the placebo condition also significantly improved Stroop task
performance from pre-FTP test (M = 15.53, SD = 2.86) to post-FTP test (M = 17.40, SD =
2.40), t(29) = 6.61, p < .001, d = 0.71. In contrast, in the control condition there was a
significant decrease in Stroop task performance from pre-FTP test (M = 15.91, SD = 3.39) to
post-FTP test (M = 13.97, SD = 3.51), t(28) = 2.81, p = .001, d = 0.38.
As a follow-up, a one-way ANOVA was performed to test post-FTP differences in
Stroop task performance between conditions. The overall ANOVA was significant indicating
differences in post-FTP Stroop performance between conditions, F(2, 85) = 12.26, p < .001,
η2 = .22. Post-hoc tests revealed no significant difference in post-FTP Stroop performance
between those consuming glucose (M = 17.69, SD = 3.56) and those consuming a placebo (M
= 17.40, SD = 2.40), t(55) = 0.36, p = 0.719, d = 0.17. However, those in the control
condition (M = 13.97, SD = 3.51), performed significantly worse in post-FTP Stroop
performance than those in the glucose, t(57) = 4.01, p <.001, d = 0.91, and placebo, t(57) =
4.40, p < .001, d = 0.86, conditions. Moreover, comparison of post-FTP mean scores between
conditions shows that 97.2% of the benefits of glucose (over water) could be attributed to a
placebo effect (see Figure 7.1).
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Figure 7.1. Mean Stroop task scores pre- and post-FTP test in the glucose (solid line), placebo
(dotted line) and control (dashed line) conditions (error bars indicate standard error of mean).

7.4 Discussion
This experiment sought to test whether ingesting glucose has immediate cognitive
performance benefits, and whether these cognitive benefits were superior to an active placebo
(artificially sweetened sports drink) in a sample of elite endurance cyclists placed under
substantial physiological load. We found that decision making performance increased from
pre- to post-FTP test for cyclists in the glucose condition and those in the placebo condition,
but decreased from pre- to post-FTP for cyclists in the control condition. Moreover, the
cognitive benefits of consuming glucose were no better than those of consuming an active
placebo, suggesting that a placebo effect (beliefs about glucose supplementation) rather than
activation of glucose sensing dopaminergic pathways in the brain is responsible for the
cognitive benefits associated with consuming glucose. Nevertheless, findings suggest that
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glucose supplementation (and even non-glucose supplements believed to be glucose) might be
a useful method of improving cognitive performance in elite endurance cyclists.
The finding that decision making performance of elite endurance cyclists increased
after the ingestion of glucose, despite being under physiological duress, is consistent with
previous research (Brisswalter, Collardeau, & René, 2002; Collardeau, Brisswalter,
Vercruyssen, Audiffren, & Goubault, 2001). This finding is important as the use of glucose
supplementation is common in endurance sports and is often used as a performance enhancer
at critical times in competition. The main finding of this experiment was that the decision
making performance under duress was not contingent on the ingestion of glucose. The natural
decline in decision making performance from severe physiological load appeared to be
counteracted by the belief that the solution ingested contained glucose. This is an important
finding as the glucose enhancing effects on cognition that have been observed in previous
research (e.g., Brandt et al., 2013; De Pauw et al., 2015) might not require glucose in the
solution in order to observe psychoactive benefits. The implication of this finding is that
glucose ingestion for cognitive enhancement under physiological load appears to be
contingent on the belief that glucose is being ingested.
The finding that those who ingested water showed a decline in decision making
performance from pre- to post-FTP is consistent with previous research in athletic samples
that shows cognitive functioning is depleted when athletes are fatigued (Pomportes,
Briswalter, Hays, & Davranche, 2016). In elite endurance cycling the duration of the activity
can last upwards of six hours at sub-maximal power outputs so the use of water to rehydrate is
essential (Faria, Parker, & Faria, 2005b). Our study shows that the use of water as an aid to
improve cognitive performance under severe physiological load will likely be ineffective
unless athletes are under the impression that the solution contains glucose. The implication is
that although water can be used as a means to rehydrate, the use of glucose or an artificial
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sweetener might be required in order to enhance cognitive function in physically demanding
performance conditions.
The design of our experiment, in which glucose or artificial sweetener was ingested
immediately prior to the second Stroop task, would suggest that ingestion of glucose is not
required to observe cognitive benefits given that there was insufficient time for the glucose to
be metabolised by the body. However, the findings also suggest that cognitive benefits are not
due to activation of glucose sensing dopaminergic pathways in the brain given that an active
placebo (not containing glucose) produced the same cognitive benefits as glucose. Overall,
findings are indicative of a standard placebo effect – the belief that an ingested solution
contains glucose, combined with a belief that glucose enhances performance, is likely the
primary mechanism explaining the connection between glucose and cognitive performance.
This finding differs from previous research that found a glucose mouth rinse led to better selfcontrol compared to an artificially sweetened placebo rinse (Hagger & Chatzarantis, 2013).
The difference in findings might reflect the different outcome measures (self-control vs.
decision making) or differences in experimental design in which blood glucose levels were
likely depleted. We recommend further research explore the potential pathways through
which glucose might affect cognitive function.
Strengths of this experiment include the high ecological validity of the experimental
procedure (induced physiological duress in an elite sample), the use of glucose and nonglucose sports drinks commonly used by cyclists, and double-blinding of the experimental
conditions. However, there are some limitations that must be considered when interpreting
findings. First, the use of the colour word Stroop task as a proxy measure of decision making
might not reflect the normal real-world decision making that occurs in professional cycling.
Our decision to use this test was based on not having a validated cycling-specific measure of
decision making available, and the Stroop task closely reflect aspects of decision making in
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performance conditions (speed and accuracy). Furthermore, the nature of the sample and time
constraints regarding access to sample necessitated a testing procedure that was transportable
and efficient. Future research might look to design cognitive tasks that more closely reflect
the types of decisions elite cyclists are required to make during competition. A second
limitation is that the 60 second Stroop task we administered did not differentiate between the
congruent and incongruent conditions. Research has suggested that glucose has a stronger
effect on the more demanding incongruent condition (Brandt et al., 2013) and the incongruent
condition can elicit a stronger response within the dorsolateral prefrontal cortex (De Pauw et
al., 2015). Further research into the separate conditions of the Stroop, and the role of glucose
consumption on the areas of the brain activated by glucose, would be a useful approach to
progressing knowledge in this field. Lastly, the timing of the second Stroop task immediately
after the FTP test could be seen as a limitation. The administration of the second cognitive
task post-FTP and not during the cycling interval may detract from real world conditions,
however, it was deemed that acute level trade-off between performing simultaneous cognitive
functioning and producing physical power outputs would skew results by either detracting
from the power produced or cognitive performance (Longman, Stock, & Wells, 2017). During
the conceptualisation of the research it was deemed dangerous for athletes to do a cognitively
demanding task close to or near the end of a physically demanding task and that the taskdemand trade off would render the results difficult to evaluate.
To conclude, this experiment provides evidence that beliefs about the ingestion of
glucose are beneficial to the decision making performance of elite endurance cyclists under
physiological load. The findings show that glucose was no better than placebo for improving
decision making performance in an elite sample. Moreover, 97.2% of the benefits of glucose
(over water) could be attributed to a placebo effect. The findings of this research demonstrate
the power of belief for performance in elite sport. By facilitating this belief system it might be
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possible to enhance in-competition decision making ability that could result in enhanced
athletic accomplishments. This information might be valuable to elite endurance cyclists who
are nearing the end of competitions, physically fatigued, and glucose supplementation is
unavailable. We recommend subsequent research explore the different cognitive functions
that glucose supplementation might benefit, and further investigate the various pathways
through which glucose and non-glucose supplements might benefit decision making
performance in elite samples.
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CHAPTER 8: GENERAL DISCUSSION
The overarching purpose of this thesis was to better understand the psychological
processes governing performance in elite endurance cycling. A synthesis of previous research
on elite cycling showed a scarcity of high quality published research (Chapter 2). Further
foundational research provided evidence that psychological processes are important for
cyclists competing at the highest level and that effective decision making might be critical to
success (Chapter 3). An initial experiment successfully induced positive or negative emotion
and showed that elite cyclists’ decision making performance under physiological load was
unaffected by emotional states (Chapter 5). A second experiment successfully manipulated
implicit beliefs and showed that decision making performance under physiological load was
improved when elite cyclists viewed implicit beliefs as non-limited in nature, but only under
conditions of low glucose (Chapter 6). A final experiment successfully manipulated placebo
ingestion as glucose and showed that decision making performance under physiological load
was improved to the same extent following ingestion of a placebo as ingestion of glucose
(Chapter 7). Overall, the thesis showed that psychological processes are important for success
in elite cyclists and that several modifiable factors affect decision making performance under
physiological load.
8.1 Summary of Findings
Following a short review of the psychology of cycling (Chapter 1), three main aims
were proposed for the thesis. The first aim was to review the full body of research on the
psychology of elite cycling and identify gaps in knowledge as well as potential research
strengths and directions for research. This aim was successfully addressed in Chapter 2. Using
established systematic review procedures (PRISMA) and an established measure of eliteness
(Swann et al., 2015), electronic databases were searched for studies reporting an empirical test
of any psychological construct in an elite cycling sample. Fourteen studies were identified
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with eight studies coded as having high risk of bias in the results. Themes extracted included
mood, anxiety, self-confidence, pain, and cognitive function. However, few studies had
similar research objectives meaning that in many instances’ findings could not be synthesised
in a meaningful way. Nevertheless, there was some cross-study evidence that elite cyclists
have more positive mood states relative to normative scores, that pre-race anxiety impairs
performance (but only among male cyclists), and that associative strategies are perceived as
helpful for pain management. Among studies coded as having a low risk of bias, the evidence
suggested that implicit beliefs affect decision making performance, that elite cyclists are less
susceptible to mental fatigue than non-elite cyclists, and that better leadership skills relates to
greater social labouring. Limitations included non-standardisation of measures, a lack of
follow-up data, small sample sizes, and overall poor research quality. Essentially, there was
little to build upon meaning further foundational research was required in order to direct the
progress of the thesis.
Chapter 3 aimed to identify the psychological factors most important for excellent
performance in world-class endurance road cycling. Semi-structured event-focused interviews
(~9.6 days after competition) were conducted with 10 male world-class endurance road
cyclists after a perceived excellent performance. Physiological performance data (including
power profiles, speed, distance covered, terrain dynamics and heart rate) were used to inform
the event-focused interviews. Data were analysed using inductive thematic analysis and
various strategies were used to enhance trustworthiness. Eight categories, combining 30
psychological processes, were identified as being involved in excellent performance at worldclass level. These were effective communication, decision making, use of psychological /selfregulation strategies, management of stress, automatic and controlled functioning, pain
management, group processes, and self-confidence. In particular, decision making was
identified by cyclists as key to producing excellent performances in world-class events. It was

136

therefore decided to focus the remaining studies on understanding the processes important for
effective decision making in elite cycling.
Following an updated review of literature on decision making in sport (Chapter 4),
Chapter 5 sought to test whether motivational-general arousal imagery induced emotion can
improve the decision making performance of elite endurance cyclists. In total, 54 cyclists (38
men, 16 women) were assigned to either a positive imagery condition (where positive images
associated with the affective experience of winning were encouraged) or a negative imagery
condition (where negative images associated with poor performance were encouraged). The
cyclists were read one of two scripts designed to elicit positive or negative images during a
20-minute maximal sustainable interval on a cycle ergometer. A decision-making task (colour
word match Stroop) was performed before and after the maximal sustainable power interval.
Results showed that the manipulation was successful with cyclists in the positive imagery
condition reporting more positive affective states than those in the negative imagery
condition. However, there was no significant difference between the two groups in their
decision making performance under physiological duress. These findings indicate that while
motivational-general arousal imagery might be a useful method to induce positive emotions, it
is unlikely to improve the decision making performance of cyclists in performance-relevant
conditions.
As emotions appeared to have a limited role in decision making, the decision was
made to switch focus and investigate other processes that might be involved in decision
making performance. Chapter 6 tested whether beliefs about decision making ability (as being
either limited or non-limited in nature) moderate the effect of glucose ingestion on decision
making performance. In total, 76 elite endurance cyclists (54 men, 22 women) were
manipulated to endorse a limited (susceptible to depletion) or non-limited (unsusceptible to
depletion) implicit belief about decision making ability and were required to ingest or not
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ingest a glucose supplement. An FTP test was again used to induce physiological duress.
Results showed that when glucose was not ingested, a limited belief was associated with a
decrease in decision making performance, whereas a non-limited belief was associated with
an increase in decision making performance. When glucose was ingested, decision making
performance increased regardless of implicit beliefs. The findings showed that adopting nonlimited beliefs can be an effective method of improving decision making performance but
only under conditions where glucose levels are likely to be depleted.
Because glucose ingestion tends to overpower effects for implicit beliefs, it was
decided to explore the role of glucose in more detail in the final experiment. Chapter 7
investigated the effect of glucose supplementation on cognitive performance under
physiological duress. In total, 88 elite endurance cyclists (48 men and 40 women) completed
the same decision making task while seated on a stationary cycle ergometer. After completing
the 20 minute FTP test, the cyclists were immediately given water, a glucose supplement or a
placebo, before completing the decision making task for a second time. Manipulation checks
indicated that all cyclists consuming the placebo believed they were ingesting glucose.
Results showed that decision making performance worsened from pre- to post-FTP test in the
water condition, whereas decision making performance improved from pre- to post-FTP test
in the glucose and placebo conditions. Therefore, the study provides evidence that a placebo
is just as effective as glucose for immediate improvements in cognitive performance under
sub-maximal physiological load.
8.2 Theoretical Implications of the Research Program
The findings of this thesis have implications for theoretical advancement in a number
of domains. The psychobiological model and integrative governor model of endurance
activity predict that psychological factors influence endurance performance (Marcora, 2009;
St. Clair Gibson et al., 2018). These models predict that psychological factors influence
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response inhibition and in turn the decision to cease endurance activity. Findings from this
thesis lend support to some components of these models. For example, interviews with worldclass endurance cyclists (Chapter 3) suggest that there are indeed many psychological factors
(including the need to inhibit responses) that are important for decision making and
performance at a world-class level. The findings of this thesis also lend credence to the
prediction that psychological factors affect response inhibition as implicit beliefs and beliefs
regarding glucose influenced Stroop task scores that capture elements of response inhibition.
Although endurance performance itself was not the focus of this thesis, the important role of
psychological factors in response inhibition indicate that these psychological factors could be
important for endurance performance as predicted by these theories.
The findings of this thesis also have implications for theoretical advancement in sport
imagery. The applied model of imagery use (Martin et al., 1999) predicts that motivational
general-arousal imagery is an effective method of developing positive affective states, and the
PETTLEP model (Holmes & Collins, 2001) proposes that the delivery of imagery scripts
requires seven items (physical, environmental, task, timing, learning, emotion, and
perspective) in order to maximise the functionality of the script. The findings of this thesis
provide credence to both models of imagery as the imagery scripts implemented in Chapter 5
were effective in manipulating positive and negative emotions with large effect size
differences observed between conditions. In particular, the results advance theoretical
predictions of the applied model of imagery use by showing that motivational-general arousal
imagery is not a useful method of improving decision making performance. However, past
research has demonstrated that motivational general-mastery imagery (that focuses on task
mastery) might be a useful method of improving cognitive performance in athletes (Stewart &
Hall, 2016, 2017).
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In addition to imagery theories, the findings also have theoretical implications for
implicit theories of the self (Dweck, 2006). This framework predicts that different theories
about oneself orients individuals towards specific goals. For example, the model considers
that viewing intelligence as malleable rather than fixed leads to greater persistence and
performance on tasks. Relatively few studies have explored implicit beliefs as limited or nonlimited in nature. The research presented in this thesis indicates that beliefs about decision
making ability can be manipulated in an elite athletic context. This is important as qualitative
research suggests ceiling effects for implicit beliefs about sport ability in elite samples (Jowett
& Spray, 2013; Slater et al., 2012). The findings here dispute this and show that at the elite
level beliefs about (decision making) ability can be viewed as limited or non-limited in nature
and that such beliefs are important for (decision making) performance. This is an important
finding given recent criticisms that implicit theories lack sufficient specificity and encapsulate
multiple theories of confidence, motivation, and self-control (Luftenegger & Chen, 2017).
While this may or may not be true, the findings of this thesis do support the theory prediction
that a non-limited implicit belief will benefit performance in most instances.
Another theoretical implication of the research is the added support for the process
model of glucose effects on cognitive performance (Orquin & Kurzban, 2015). This model
predicts that higher blood glucose levels increase cognition whereas lower glucose levels
decrease cognition. The findings of this thesis support this broad prediction in a new (elite
cycling) sample – and therefore raises confidence in the generalisability of this theoretical
prediction – but also raises some important theoretical questions. In particular, glucose was
found to be an important cognitive enhancer but so was a placebo that participants believed
was glucose. Recent developments have suggested that glucose effects on cognitive
performance might not be a metabolic response to the glucose (as effects are observed before
metabolism of glucose could have occurred) but might be due to sweetener receptors in the
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oral cavity activating glucose sensing dopaminergic pathways in the brain (Chong, Guelfi, &
Fournier, 2014). The results of this thesis do not support either of these predictions. Glucose
itself did not appear to have any clear benefit over placebo, meaning metabolic and central
processing theories can be rejected in favour of a simple placebo effect. In light of this, the
research provides support to the general psychology prediction that placebo effects (and belief
systems in general) have actual effects on the brain and body and are not just response biases
(Price, Finnis, & Benedetti, 2008). This research also supports the prediction that placebo
effects are relevant to the context of elite sport (Beedie et al., 2018).
8.3 Practical Implications of the Research Program
There are several practical implications of the research program that could be of use to
practitioners working with elite athletes. First, results presented in Chapter 3 outlined 30
psychological processes that world-class elite cyclists identified as important for producing
excellent performances. Although this research was foundational and not intended for
practical use, coaches might find it useful to incorporate this information when educating
young (aspiring) cyclists about the types of psychological issues that are faced by cyclists at
the highest level. By educating young cyclists about the psychological demands affecting
performance at the highest level, this might benefit young athletes during the often difficult
transition from amateur to professional cyclist.
Another implication of the research program is that motivational general-arousal
imagery might be used to develop positive emotions when athletes are producing maximal
sustainable power outputs. By encouraging cyclists to think about times when they have been
successful (e.g., remembering a past win in difficult conditions and the associated feelings) it
should be possible to facilitate a more positive emotional experience. However, coaches
should be mindful that this is unlikely to produce cognitive performance increments. In
instances where cognitive performance is the target of intervention it would be more
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appropriate to implement motivational general-mastery imagery (e.g., imagining the actions
leading to success in future competitions) that has been shown to have cognitive benefits, or
target the intervention to processes outside of the applied model of imagery use.
One approach that is likely to be more effective when it comes to improving decision
making performance (than motivational general-arousal imagery) is implicit belief
manipulation. Coaches and sport practitioners might look to encourage (perhaps through
standard verbal persuasion techniques) elite cyclists to view decision making ability (and
perhaps other theories of the self) as a non-limited resource that can be improved through
effort and practice. This is likely to lead to improved cognitive performance but only under
conditions of low glucose (or when glucose is unavailable as a supplement). In many
instances, glucose levels will be unknown to coaches and therefore it makes sense to
encourage non-limited implicit beliefs regardless of glucose intake or availability, but coaches
should be mindful that implicit belief manipulation will likely be overshadowed by glucose
ingestion.
The finding that ingestion of glucose leads to improvements in cognitive performance
(in two independent samples) is also an important development with practical implications.
To improve decision making in competition coaches should encourage cyclists to ingest
glucose particularly during phases of a competition where decision making is going to be
critical. The finding that a placebo is just as effective for cognitive enhancement as glucose is
also an important development in research. This does not mean that glucose ingestion should
not be encouraged – in fact quite the opposite. Glucose still works as a cognitive performance
enhancer even though it works through a standard placebo effect. It is also likely that glucose
has other physical performance benefits over placebo that was not the focus of research in this
thesis. Nevertheless, if an athlete is nearing the end of a race and glucose is unavailable, the
implication of this research is that as long as the athlete believes they have ingested glucose
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they should show similar cognitive improvements. This might have implications either
through educating athletes about placebo effects or providing false information about the
contents of drink bottles (although this brings about multiple ethical issues).
8.3.1 Recommendations for Practicing Sport Psychologists
Consider an elite cyclist who has been struggling with having made some poor
decisions in critical situations in competition and wants to speak to a sport psychologist to
seek some advice. Based on findings presented in this thesis, combined with general
principles in applied sport psychology, sport psychologists might consider educating the
athlete on some of the factors that are likely affecting their decision making in critical
situations. They could point out that physiological duress disrupts cognitive processes
impeding decision making but several methods might be trialled in order to maximise
effective decisions in critical moments. Alongside general guidelines of having a pre-race
strategy for the race, it would be worthwhile educating the cyclist about how glucose can
benefit cognitive performance under duress, and even the process (placebo effect) that
accounts for much of this effect, while also pointing out that negative emotions do not impede
cognitive functioning when fatigued. Regardless of their emotional state they are capable of
making good decisions. The sport psychologists could also provide information about how
decision making ability is malleable and can fluctuate over time and competitions. This
should help convince the cyclist that their poor decision making might simply be due to
random fluctuation in decision making performance over time, and increase their confidence
of good decisions in the future.
Applied sport psychologists might also consider advising coaches and performance
staff on approaches to maximising good decision making in competitions. For example, at the
professional level coaches can deliver messages to cyclists during races through in-ear
communication devices. If the coach or sport psychologist observes the athlete approaching
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cognitive fatigue in a race they could encourage the athlete to ingest glucose for its cognitive
enhancing benefits and incorporate elements of non-implicit beliefs into their instructions. For
example, the coach might relay information about the flexible nature of cognition and to
ingest further glucose as it can benefit decision making. Such instructions could be useful in
terms of maximising the placebo effect. These are just a few examples of how the findings of
this thesis might be incorporated into the applied work of sport psychologists.
8.4 Implications Outside of Sport
The research contained within this thesis might also have theoretical and practical
implications outside of sport. Researchers have noted that findings from elite samples tend to
transfer well to their non-elite counterparts (Swann et al., 2015) and therefore the implications
outlined above might be valid for cyclists across a range of performance standards. However,
the theories that have been tested within this thesis are broad and considered applicable to a
range of achievement contexts. That manipulation of implicit beliefs (under conditions of low
glucose) and ingestion of glucose (or a placebo believed to be glucose) improve decision
making performance under conditions of high physiological load should be noted by those
working in other sports and other achievement contexts. In particular, the findings might be
generalizable to contexts that involve physiological duress such as military exercises, some
organisational settings, dance and the performing arts. Nevertheless, replication is necessary
and encouraged to ensure that the findings in this thesis are transferrable across settings.
8.5 Strengths of the Research
This research has several strengths that allow for greater confidence in study
conclusions. The first strength of this research is the elite nature of the participants across all
studies. Across the entire thesis, the research included 1 Olympic Champion, 9 World
Champions, 3 Silver or Bronze medallists, 5 Oceania Champions, and 23 national title holders
across various disciplines of elite endurance cycling. All 230 participants in the thesis can be
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defined as elite according to standard guidelines (Swann et al., 2015). Because of this, there is
greater confidence that the findings are applicable across expertise levels given that findings
from elite samples tend to transfer well to non-elite samples (Swann et al., 2015). A second
strength of the research programme is that statistical power calculations were computed for
experimental studies prior to data collection and all experiments had adequate statistical
power to detect a medium effect size. As demonstrated in Chapter 2, past research in high
performance athletic settings tends to lack the statistical power necessary to detect meaningful
real-world effects. Tied into this point, a third strength of the research programme is the
balance of male and female participants across experiments. Chapter 2 showed that there is a
lack of research on elite female cyclists compared to their male counterparts. Across
experimental studies the samples were 37.5% female cyclists and 62.5% male cyclists. This
balance closely approximates male and female sport participation rates (Costello, Bieuzen, &
Bleakley, 2014).
Another strength of the research is the multiple manipulation checks included in
experimental studies. This was highlighted as a problem for past research on the psychology
of elite cycling in Chapter 2. In the first experiment, the cyclists completed questionnaires to
ensure that they were able to engage in imagery before the intervention (used as inclusion
criteria) and after the intervention they completed a manipulation check to ensure that they
did indeed engage in the imagery (manipulation check 1) and that they also experienced the
associated emotion of interest (manipulation check 2). Power output was also recorded and
checked to ensure that physiological duress did not differ between experimental conditions
(manipulation check 3). By including these checks, there is greater confidence in the
conclusion that imagery induced emotion does not affect decision making performance under
physiological load as measured by the Stroop. The two subsequent experiments included
similar multiple manipulation checks.
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Perhaps the biggest strength of the research is the high ecological validity of the
experimental setting. To explain, exploring decision making performance of elite cyclists
would have been useful, but not necessarily reflective of the decision making that takes place
in competitive environments when cyclists are fatigued. Therefore, the functional threshold
power test (a valid measure that simulates physiological conditions similar to the power
outputs needed during competition) was used to induce fatigue before the decision making
task purely to help mimic performance-relevant conditions. Other research decisions were
also made to ensure high ecological validity. For example, in the final two experiments the
glucose solutions used were those that are readily available and regularly used by endurance
athletes during competition. These substances were all mentioned as products used by worldclass elite cyclists in Chapter 3. The high ecological validity of the setting is useful as it
provides more confidence that practical recommendations provided to cyclists (based on
research findings here) are likely to be effective.
8.6 Limitations of the Research
The research reported in this thesis also has several limitations that need to be
considered when interpreting findings. First, the use of the colour-word match Stroop as a
proxy measure of decision making performance might not reflect real-world decision making
processes faced by elite endurance cyclists. The types of decisions that cyclists need to make
in competition include when to split from the pack, when to lead from the front, when to
chase down the leaders, or when to expose the weaknesses of others. The congruent and
incongruent conditions of the Stroop task have been shown to capture response inhibition and
automaticity of decision making (Demetriou et al., 2001). Therefore, the current program of
research investigated the mechanisms underlying the decision making process rather than the
outcomes of the decision making process itself.
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A second potential limitation is that a 60-second version of the Stroop task was used
in preference to the more well established and validated 5 minute version to measure decision
making performance under duress. The use of a 60-second Stroop task was due to elite
athlete’s heart rate recovery, from sustained maximal effort to below steady state lactate
threshold, occurring in 60-90 seconds (Lazic et al., 2017). As such, the cognitive task needed
to be administered in this timeframe so the cyclists were still sufficiently under physiological
duress while performing the task. Tied into this point, a third limitation is that to ensure safety
of the cyclists, and to ensure a valid measure of cognitive performance, it was necessary to
have cyclists complete the Stroop task immediately after exercise rather than during exercise.
There is an acute level trade-off between producing simultaneous physical power outputs and
cognitive performance that skews results by detracting participants from performance on the
cognitive task or from maintaining maximal sustainable power outputs (Longman, Stock, &
Wells, 2017). As such the experimental conditions do not match those of real-world
competitions where thought processes and decisions are made during cycling.
A fourth potential limitation is that the 60 second version of the Stroop task does not
differentiate between congruent and incongruent conditions or between speed and accuracy of
decisions. Research suggests different executive functions are required to execute the two
conditions with the incongruent condition measuring inhibition of response and the congruent
task measuring automaticity of response (Scarpina & Tagini, 2017). By not being able to
separate the conditions, less information is available on how emotion, implicit beliefs and
glucose affect cognitive processes in elite cyclists. Chapter 3 suggests that both automaticity
and response inhibition are key aspects of decision making under physiological load and
differences between the two functions might be important for performance at the elite level.
A final limitation of the thesis is that the experimental studies only explore short-term
immediate effects of the experimental manipulations. The lack follow-up measures to
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investigate long-term effects of emotion manipulation, glucose ingestion and implicit belief
manipulation, means that any potential long-term effects (i.e., for subsequent competitions)
are unknown. In the current studies, long-term effects could not be tested given the elite
nature of the samples and that the athletes were only accessible at training camps for a short
period of time. From the data collected, short-term effects of implicit belief manipulation and
glucose/placebo ingestion were observed, and therefore it is possible to make some
recommendations based on these findings for short-term cognitive benefits but, as it stands,
recommendations for long-term benefits will have to remain speculative.
8.7 Future Research Recommendations
The research contained within this thesis provides multiple avenues for further
research inquiry. First, future research might look to investigate whether findings of this
thesis are transferable to elite sport performers in different sports (e.g., gymnastics, tennis).
Researchers might also test the generalisability of findings to other performance contexts
(e.g., organisations, academia) where manipulation of emotions or implicit beliefs might also
relate to achievement. As mentioned in the limitations section, the current research also
focuses exclusively on short-term (immediate) effects of the manipulation, and the potential
for various psychological manipulations to affect cognitive performance in the long-term
(potentially into subsequent competitions) would also be a useful avenue of future research
enquiry that directly builds on the results presented in the thesis.
Another potential avenue for future research is to explore other executive functions
such as task switching, working memory, and cognitive flexibility that might also be
important for performance in elite endurance cycling. The use of a single dependent variable
in the current research was necessary give the time restrictions for assessment (60-90 second
after exercise while under physiological duress) and a single dependent variable is considered
the best approach to hypothesis testing as it eliminates the potential for p-hacking (Simmons,
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Nelson, & Simonsohn, 2011). Nevertheless, researchers might look to develop and validate
protocols that allow for testing a greater range of executive functions. Differentiating between
the incongruent and congruent conditions of the Stroop in particular might be advantageous to
the field. Research has suggested that glucose has a stronger cognitive enhancing effect on the
more demanding incongruent condition (Brandt et al., 2013) and the incongruent condition
elicits a larger response in the dorsolateral prefrontal cortex (De Pauw et al., 2015). As such,
further research might consider incorporating brain imaging techniques that test the benefits
of glucose for cognitive performance alongside brain activation.
Tied into the point above, the experiments in this thesis focused on a single dosage of
glucose (416 kilojoules of energy, 25 g of carbohydrate, including 12.2 g of glucose) and
future research might look to explore how different dosages relate to different cognitive
effects. Even though the findings of Chapter 7 suggested that it is not a metabolic process, but
a placebo effect, that contributes to cognitive enhancement, different placebos are known to
elicit different responses. For example, two placebos provide faster recovery times from
illness than a single placebo, and coloured pills provide faster recovery times than white pills
(see Price, Finniss, & Benedetti, 2008). Researchers might look to compare different placebo
effects for energy gels (that tend to come in brightly coloured packaging) to general energy
drinks in plain packaging.
The final recommendation is for more research into the psychological processes of
elite cyclists in general. Chapter 3 showed that elite cyclists were able to identify at least 30
psychological processes that are important for performance in elite endurance cycling.
However, the experimental work in this thesis was only able to focus on one or two of the
processes identified (i.e., emotion, decision making). More research is needed into other
psychological processes in elite endurance cycling such as anxiety, self-confidence, pain
management, group processes and coach-athlete relationships. In particular, psychological
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theories that have been identified as relevant to amateur cyclists and other endurance sport
athletes (e.g., attentional control theory, reinvestment hypothesis) should be tested in elite
endurance cyclists. Furthermore, no one theory of decision making was identified as relevant
to the experiences of world class cyclists when making decisions under physiological duress.
Developing a sport specific theory of decision making relevant to endurance cycling was
outside the scope of this thesis, however, future research may endeavour to connect or
develop a theory of decision making relevant to endurance cycling. This is important in order
to develop further practical strategies for the development of optimal performance in elite
cyclists.
8.8 Contribution to Science
For a thesis to be considered doctoral worthy, it is important that the research makes a
meaningful contribution to scientific knowledge. From the findings of Chapter 2 it is safe to
point out that prior to this research almost nothing was known about the psychological
processes governing decision making in elite cycling (and the little research available was
plagued by severe methodological weaknesses). From the research reported in this thesis we
can now state that at least 30 psychological processes are involved in success at the worldclass level, that imagery induced emotion does not affect decision making performance, that
implicit beliefs about decision making ability are relevant under conditions of low glucose,
and that a placebo is just as effective as glucose for decision making performance under
physiological load. The experimental designs (randomised control groups) and multiple
manipulation checks across studies provide greater confidence in these findings. These
findings advance understanding of several theoretical models that are relevant to the sport
sciences and psychological science.
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8.9 Final Conclusion
The overarching purpose of this thesis was to better understand the psychological
processes governing performance in elite endurance cycling. A systematic review of previous
research on elite cycling showed a scarcity of high quality research in this field. Qualitative
research provided evidence that psychological processes are important for elite cycling and
that effective decision making might be critical to success. Across three experimental studies,
the manipulation of implicit beliefs (under conditions of low glucose), ingestion of glucose
(or a placebo believed to be glucose), but not manipulation of emotion, improved decision
making performance (as measured by the colour-word match Stroop) under conditions of high
physiological load. Strengths of the research include high ecological validity of the setting,
the elite nature of the samples, and multiple manipulation checks in experimental studies.
Limitations include use of a non-sport-specific decision making task and the focus on shortterm effects. The findings of this thesis might be of interest to coaches and sport
psychologists working with elite endurance cyclists. In particular, coaches might consider
using strategies based on the manipulation of implicit beliefs, or educating elite athletes on
the limited role of emotion and the potential role of placebo effects for cognitive performance
in performance-relevant conditions. Future research should test whether findings presented in
this thesis are transferable to other elite sports and performance settings, explore other
executive functions that might be relevant to success in elite cycling, and test the long-term
effect of psychological training strategies for cognitive enhancement and overall success at
the highest level of competition.
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Chapter 2. Supplementary File S1 – PRISMA Checklist
Section/topic

Title
Structured summary

#

1
2

Rationale

3

Objectives

4

Checklist item
TITLE
Identify the report as a systematic review, meta-analysis, or both.
ABSTRACT
Provide a structured summary including, as applicable: background; objectives; data sources;
study eligibility criteria, participants, and interventions; study appraisal and synthesis methods;
results; limitations; conclusions and implications of key findings; systematic review registration
number.
INTRODUCTION
Describe the rationale for the review in the context of what is already known.
Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if
available, provide registration information including registration number.

Protocol and registration

5

Eligibility criteria

6

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g.,
years considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources

7

Describe all information sources (e.g., databases with dates of coverage, contact with study
authors to identify additional studies) in the search and date last searched.

Search

8

Present full electronic search strategy for at least one database, including any limits used, such
that it could be repeated.

Reported on
page #
1
2

3
5

5
6
6-7
Supplementary
File S2
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Section/topic
Study selection

#
9

Checklist item
State the process for selecting studies (i.e., screening, eligibility, included in systematic review,
and, if applicable, included in the meta-analysis).

Reported on
page #
6

Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate)
and any processes for obtaining and confirming data from investigators.

6-8

Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any
assumptions and simplifications made.

6-8

Risk of bias in individual
studies

12

Describe methods used for assessing risk of bias of individual studies (including specification of
whether this was done at the study or outcome level), and how this information is to be used in
any data synthesis.

7 & S3

Summary measures
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State the principal summary measures (e.g., risk ratio, difference in means).

8

Synthesis of results
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Describe the methods of handling data and combining results of studies, if done, including
measures of consistency (e.g., I2) for each meta-analysis.
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Risk of bias across studies
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Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication
bias, selective reporting within studies).
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Additional analyses
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Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression),
if done, indicating which were pre-specified.

n/a

RESULTS
Give numbers of studies screened, assessed for eligibility, and included in the review, with
reasons for exclusions at each stage, ideally with a flow diagram.

Study selection
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Figure 1

Study characteristics
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For each study, present characteristics for which data were extracted (e.g., study size, PICOS,
follow-up period) and provide the citations.

Table 1

Risk of bias within studies
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Present data on risk of bias of each study and, if available, any outcome-level assessment (see
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Table 1 & S3

Results of individual studies
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For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data
for each intervention group and (b) effect estimates and confidence intervals, ideally with a forest
plot.

n/a
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Present results of each meta-analysis done, including confidence intervals and measures of
consistency.

Risk of bias across studies
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Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis
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DISCUSSION
Summarize the main findings including the strength of evidence for each main outcome; consider
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Summary of evidence
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Limitations
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incomplete retrieval of identified research, reporting bias).
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Funding
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FUNDING
Describe sources of funding for the systematic review and other support (e.g., supply of data);
role of funders for the systematic review.
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Chapter 2. Supplementary File S2: Example Search Strategy

Search Strategy: MEDLINE (OVID)

1. cycling.tw,ab.
2. cyclist$.tw,ab.
3. or/1-2
4. (sports adj psychology).tw,ab.
5. psychology.tw,ab.
6. or/4-5
7. elite.tw,ab.
8. competitive.tw,ab.
9. (world adj. class).tw,ab.
10. olympic.tw,ab.
11. (high adj. performance).tw,ab.
12. expert.tw,ab.
13. national,tw,ab.
14. international.tw.ab
15. or/7-14
16. 4 and 6 and 15
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Chapter 2. Supplementary File S3: Findings from electronic database search

Breakdown of the database searches
Total hits form all searches - 2170
Title and/or abstracts extracted and searched - 1469
Full texts extracted for full search – 129
Sportdiscus, Academic Search Complete, psycINFO, Psychology &
Behavioural Sciences Collection, psycARTICLES, and MEDLINE full text via
EBSCO
1153 Hits
405 Duplicates
1144 Deleted
78 Full text extracted
ProQuest
677 Hits
164 Duplicates
674 Deleted
22 Full text extracted
Scopus
106 Hits
78 Duplicates
105 Deleted
19 Full text extracted
PubMed
234 Hits
42 Duplicates
233 Deleted
10 Full text extracted
Snowball search
29 Hits
12 Duplicates
29 Deleted
6 Requests sent
0 Full text extracted
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Title
Abstract
Problem Formulation
Purpose or Research
Question
Qualitative approach and
research paradigm
Researcher, Characteristics,
reflexivity
Context

Sampling Strategy
Ethical issues pertaining to
human subjects
Data collection methods

Data collection
instruments/technologies
Units of study

Data processing

Data analysis

Techniques to enhance
trustworthiness
Synthesis and interpretation

Links to empirical data

Integration with prior work,
implications,
transferability, and
contributions
Limitations
Conflicts of interest
Funding

Total Score

Chapter 2. Supplementary File S4: Risk of Bias - Standards for Reporting Qualitative Research

Baghurst (2012)
0
1
0
1
1
1
1
0
1
0
1
0
1
1
1
1
0
0
0
0
0
11

Kress & Sattler
(2007)
1
1
1
1
1
0
0
1
1
1
0
1
0
0
0
1
0
0
0
0
0
10
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Chapter 2. Supplementary File S4 - Risk of Bias – Newcastle - Ottawa
Selection (max 4 points)

De Cuyper et al.
(2016)
Dunn &
Dishman (2005)
Filaire et al.
(2004)
Filho et al.
(2013 / 2015)
Gat &
McWhirter
(1998)
Hagburg et al.
(1979)
Lindsay et al.
(2005)
Martin et al.
(2016)
McCann et al.
(1992)
Petit et al.
(2013)
Spindler et al.
(2017)
Viana et al.
(2016)

Comparability (max 2
points)

Outcome (max 3 points)

Total Score

Representativeness
of sample

Sample size

Nonrespondents

Ascertainment
of the risk
factor

Confounding factors
controlled (age/gender)

Assessment of the
outcome

Statistical
test

Reporting

1

1

1

1

2

1

1

1

9

1

0

0

1

0

1

1

1

5

1

1

1

1

1

1

1

1

8

1

1

1

1

0

1

1

1

7

0

1

0

1

0

0

1

1

4

0

0

0

0

0

1

0

1

2

0

0

0

0

1

0

0

1

2

1

1

1

1

1

1

1

1

8

1

0

1

1

2

1

1

1

8

1

0

1

1

0

1

1

1

6

1

1

1

1

2

1

1

1

9

1

0

0

1

0

0

1

1

4
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Chapter 5 -Supplementary File S1 Single Subject Data Figures
Single subject data for a) difference in Stroop totals pre and post-FTP in the negative
and positive motivation-general imagery conditions (Solid line indicates mean score
difference), and b) paired observations pre and post FTP test with open circles denoting
a single participant data point and lines indicating which data points match.
a)

Difference in Stroop totals
(Accumulated points)

6
5
4
3
2
1
0
-1
-2
-3
Negative

Positive

b)
30

Stroop Task score

25

20

15

10

5

0

Pre-FTP

Post-FTP
Negative

Pre-FTP

Post-FTP
Positive
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Chapter 5 - Supplementary File S2 – Flow Chart of Experiment Procedure
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Chapter 5. Neutral Affect Script – Imagery induced Emotion Manipulation
Negative Emotion - Script
After initial Stroop protocol and 5 minutes before the FTP test
Researcher. Find a comfortable position on the bike. Before we start the FTP test, we
would like you to think about a previous unsuccessful performance, were you did not felt great
and underperformed. As part of the experiment, we would like you to continue to think about
times when you did not perform as well as you would have liked in competition throughout the
20 minute FTP test. … Can you imagine a situation where you gave 100% effort during a
competition, for example, during a very close race, but made some poor decisions and had a
poor result?
Participant to answer.
Researcher – Think about the emotions and feelings that you experienced during and
after this unsuccessful race. Can you tell be about the race?
Participant to answer.
Researcher – What we would like for you to do throughout the FTP task is to continue
to think about times when you tried hard but were unsuccessful, and the emotions that you
experienced during and after these competitions. Try to recollect those images as vividly as
possible. Are you ready to start?
Participant starts FTP test.
30 seconds in – Now that you have started the FTP, just remember to continue to reflect
and think about those past performances and the emotions that you experienced.
3.30 – Keep going. Try to keep those images of past performances as vivid as possible.
6.30 – You are doing great. Keep thinking about those past performances where things
went wrong and you did not get the outcome that you wanted. Keep thinking about the emotions
you experienced.
9.30 – Great work. Continue with what you are doing, remembering all those times that
your performance was not what you expected and all the emotions that brings. Imagine those
feelings again.
12.30 – Fantastic so far. We need you to really focus on those past performances.
Remember all the emotions that you felt.
15.30 – You really are going fantastically well. Keep those emotions in your thoughts,
remembering those feelings when you had not executed a great race.
18.30 – Almost there. We need you to really focus on the how that past performance
made you feel. Remember the emotions that were there at the time.
19.30 – 30 seconds to go – this is the last part – keep thinking about those previous
races.
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Chapter 5. Positive Emotion Script - Imagery induced Emotion Manipulation
Positive Emotion Script
After initial Stroop protocol and 5 minutes before the FTP test
Researcher. Find a comfortable position on the bike. Before we start the FTP test, we
would like you to think about a previous successful performance, were you felt great and
performed extremely well. As part of the experiment, we would like you to continue to think
about times when you performed extremely well in competition throughout the 20 minute FTP
test. … Can you imagine a situation where you gave 100% effort during a competition, for
example, during a very close race when you emerged as the victor?
Participant to answer.
Researcher – Think about the positive emotions and feelings that you experienced
during and after this successful race. Can you tell be about the race?
Participant to answer.
Researcher – What we would like for you to do throughout the FTP task is to continue
to think about times when you were successful, the great races that you have had, and the
positive emotions that you experienced during and after these competitions. Try to recollect
those images as vividly as possible. Are you ready to start?
Participant starts FTP test.
30 seconds in. – Now that you have started the FTP, just remember to continue to
reflect and think about those positive past performances and the positive emotions that you
experienced.
3.30 – Keep going. Try to keep those images of past successes as vivid as possible.
6.30 – You are doing great. Keep thinking about all those great performances and all
those things you did well that gave you feelings of elation and happiness.
9.30 – Great work. Keep reflecting on all those times that you performed well and the
positive emotions that you experienced – imagine that feeling again.
12.30 – Fantastic so far. We need you to really focus on those positive past
performances. Remember all those positive emotions that you felt.
15.30 – You really are going fantastically well. Keep those positive emotions in your
thoughts, remembering those feelings when you had executed a great race.
18.30 – Almost there. We need you to really focus on the how that great performance
made you feel. Remember the happiness and elation that you experienced at that time.
19.30 – 30 seconds to go – this is the last part – keep thinking about those successful
races.
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Chapter 5. Sport Imagery Ability Questionnaire
Instructions:
The purpose of this questionnaire is to obtain information about your ability to generate a number of images athletes
use in relation to their sport.
For each item, bring the image to your mind with your eyes CLOSED. Then rate how easy it is for you to form this
image (1 = very hard, 4 = not easy or hard to 7 = very easy). Circle the appropriate rating based on the scale provided.
For example, some athletes may find imaging themselves kicking a football neither easy nor hard and therefore select
4.
Please be as accurate as possible and take as long as you feel necessary to arrive at the proper ratings for each image.
There are no right or wrong answers, because we are simply interested in your response.
In relation to my
sport, how easy is it
for me to image…

1. Making up new
plans/strategies in
my head
2. Giving 100%
effort even when
things are not
going well

Very hard
to
image

Hard to
image

Somewhat
hard to image

Neutral
(not
easy or
hard)

Somewhat
easy to image

Easy to
image

Very easy
to
image

1

2

3

4

5

6

7

1

2

3

4

5

6

7

3. Refining a
particular skill
4. The positive
emotions I feel
while doing my
sport

1

2

3

4

5

6

7

1

2

3

4

5

6

7

5. Myself winning
a medal

1

2

3

4

5

6

7

6. Alternative
plans/strategies
7. The anticipation
and excitement
associated with
my sport

1

2

3

4

5

6

7

1

2

3

4

5

6

7

8. Improving a
particular skill

1

2

3

4

5

6

7

9. Being
interviewed as a
champion

1

2

3

4

5

6

7

10. Staying
positive after a
setback.
11. The
excitement
associated with
performing

1

2

3

4

5

6

7

1

2

3

4

5

6

7

12. Making
corrections to
physical skills

1

2

3

4

5

6

7

13. Creating a new
event/game plan

1

2

3

4

5

6

7

14. Myself
winning
15. Remaining
confident in a
difficult
situation

1

2

3

4

5

6

7

1

2

3

4

5

6

7
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Chapter 5. Sport Emotion Questionnaire – Manipulation Check
Participant number……….
Please fill out the questionnaire below:
Question: We would like you to reflect on how you felt during the 20 minute FTP test.
Please complete ALL the questions below by circling each one from 1 (not at all) to 5
(very much so) regarding how you felt during the FTP test.
Mood

Not al all

Somewhat

Very much
so

Uneasy

0

1

2

3

4

Upset

0

1

2

3

4

Exhilarated

0

1

2

3

4

Irritated

0

1

2

3

4

Pleased

0

1

2

3

4

Tense

0

1

2

3

4

Sad

0

1

2

3

4

Excited

0

1

2

3

4

Furious

0

1

2

3

4

Joyful

0

1

2

3

4

Nervous/Unhappy

0

1

2

3

4

Enthusiastic

0

1

2

3

4

Annoyed

0

1

2

3

4

Cheerful

0

1

2

3

4

Apprehensive

0

1

2

3

4

Disappointed

0

1

2

3

4

Energetic

0

1

2

3

4
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Angry

0

1

2

3

4

Happy

0

1

2

3

4

Anxious

0

1

2

3

4

Dejected

0

1

2

3

4

Not at all

Somewhat

Very much
so

During the FTP test how easy did you find it to imagine your previous performance?
(please circle from 1 (very difficult) to 10 (very easy)
Very
Very
difficult
1

easy
2

3

4

5

6

7

8

9

10
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Chapter 6. Implicit Belief Manipulation – Limited Resource Condition

Research Information Sheet
After Initial Protocol
DECISION MAKING IS A LIMITED RECOURCE
After Initial Protocol – Fixed Mindset (Entity Theory)

Thank you for participating in this task your contribution is valuable. Did you
know that research studies have shown that when athletes get tired it is very hard for
them to perform cognitive tasks? In fact, it is common for your cognitive abilities to be
reduced when you are tired or stressed. For example, the task that you just completed
was designed to test your ability to make decisions. We would expect your decisionmaking ability to be depleted as you get more tired. Research has shown that decision
making is an ability that is easily lost under physiological stress. People find it
particularly difficult to make decisions while fatigued, and this ability is one that is
almost impossible to learn, even with a lot of practice.
Remember that decision making is a limited resource and needs time to refuel,
reset and rest. As a result, when completing physiological tasks accurate mental tasks
are increasingly harder to achieve.
To recap, your ability to make correct decisions WILL REDUCE when placed
under physiological duress. When the body is placed under load then asked to make
multiple decisions, the body needs time to re-energise, rest and refuel. This is crucial to
decision making ability. Therefore, don’t worry about your score too much.
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Research Information Sheet
After Initial Protocol
DECISION MAKING ABILITY IS NOT A LIMITED RESOURCE
After Initial Protocol – Growth Mindset (Incremental Theory)
Thank you for participating in this task your contribution is valuable. Did you
know that research studies have shown that there is no relationship between how tired
you are and how well you perform in cognitive tasks? In fact, your cognitive abilities
are strong even when you are tired or stressed. For example, the task that you just
completed was designed to test your ability to make decisions. We would expect your
decision-making ability to be good, even as your get more tired. Research has shown
that decision making is an ability that is not lost under physiological stress. A lot of
athletes find it particularly easy to make decisions while fatigued, and this ability is one
that is fairly simply learnt with practice. Your mental stamina fuels itself. Even after
strenuous physical exercise you can continue to perform optimally on mentally
challenging tasks. Therefore, don’t worry about your score too much.
Remember that decision making is a not limited resource and can perform
optimally even whilst the body is under duress. As a result, when completing
physiological tasks accurate mental tasks are achievable.
To recap, your ability to make correct decisions WILL NOT REDUCE when
placed under physiological duress. Physiological load and quality decision making can
be achieved and even improved on with practice. This is crucial to decision making
ability. Therefore, don’t worry about your score too much.
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Manipulation Measure.
Please indicate your responses to the following questions rating them
on a scale of 1-6.
1. Strongly Agree 2. Moderately Agree 3. Slightly Agree 4. Slightly Disagree
5. Moderately Disagree 6. Strongly Disagree

1. Strenuous physical activity exhausts your cognitive resources,
which you need to refuel afterwards (e.g. through taking breaks,
doing nothing, watching television, eating snacks).
--1----2----3----4----5----6-2. After strenuous physical activity, your cognitive resources are
depleted and you must rest to get it refueled again.
--1----2----3----4----5----6-3. When you have been working at a strenuous physical task, you
feel
energized and you are immediately able to undertake difficult
cognitive tasks.
--1----2----3----4----5----6-4. Your cognitive resources fuels itself. Even after strenuous
physical
exertion, you can continue using your cognitive resources well.
--1----2----3----4----5----6-5. When you have completed a strenuous physical activity, you
cannot
start a cognitive activity immediately with the same concentration
because you have to recover your cognitive resources again.
--1----2----3----4----5----6-6. After a strenuous physical activity, you feel energized for
further
challenging cognitive activities.
--1----2----3----4----5----6-Participant No……………
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Chapter 7. Manipulation Measure.
Manipulation check v1
Participant number……….
Drink: A / B / C

1. Did you believe that the drink (water or glucose) affected your decision making
performance? Y / N
Why? (please explain) ____________________________________________________-

2. After the FTP test, did you believe that the drink you ingested contained
glucose?
Y/N
Why? (please explain)
______________________________________________________
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Chapters 5, 6, & 7- General Health Questionnaire
Appendix C v2
Health Screen
for study volunteers – CONFIDENTIAL
Date………………………
Name……………………..…..
Date of Birth…………………….
Age……………………………………….
Sex (M/F)………………………….……..
Weight………………………….…………

Height…………………Type and intensity of sports activity
………………………………
It is important that volunteers participating in research studies are currently in good
health and have had no significant medical problems in the past. This is to ensure (i)
their own continuing good health and (ii) to avoid the possibility of individual health
issues confounding study outcomes.
Please complete this brief questionnaire to confirm fitness to participate:

1. Do you have an unstable
medical condition, neurological
disorder or any history of seizure
or epilepsy

YES...

NO...

2. Medical family history of the above

YES…

NO…

3. Any history of heart related problems

YES…

NO…

4. Medical family history of the above

YES…

NO…

5. Are you on any medication that would
effect your blood pressure
6. Do you have a visual impairment to colours
7. Allergies

YES…
YES…
YES…

NO…
NO…
NO…
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8. Do you have diabetes

YES…

NO…
PTO

9. Is there any family history of
diabetes

YES…

NO…

If YES to any question, please describe briefly below if you wish:
……………………………………………………………………………………
10. At present, do you have any health problems (or other reasons) for which
you are:
(a) on medication (prescribed,
YES… NO…

investigational or recreational)
(b) attending your general practitioner

YES...NO...

(c) on a hospital waiting list

YES...NO...

If YES to any question, please describe briefly below:
……………………………………………………………………………………
……………………………………………………………………………………………

11. Have you ever had any of the following:
(a) disturbance of balance / coordination
YES NO
(b) numbness in hands or feet

YES...

NO...

(c) disturbance of vision

YES...

NO...

(d) ear / hearing problems

YES...

NO...

(e) heart problems

YES...

NO...

(f) kidney or liver problems

YES...

NO...

(g) chronic musculoskeletal disease

YES...

NO...
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(h) problems with bones or joints

YES...

NO...

(i) joint pain

YES...

NO...

YES...

NO...

(l) diabetes

YES...

NO...

(m) upper respiratory tract infection or a fever

YES...

NO...

(n) asthma

YES...

NO...

(o) a blood disorder

YES...

NO...

YES...

NO...

YES…

NO…

(k) recent sport injuries

(p) digestive problems
(s) poorly controlled migraines

If YES to any question, please describe briefly below if you wish:
……………………………………………………………………………………………
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